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ABSTRACT 

Peterson,   Arvid  Odean.     MSCE,   Purdue  University,  August,  196?.     An 
Analysis  of  Traffic  Accidents  on  a  High-Volume   lEighway.     Major  Professor: 
Harold  L.   Michael. 

The  major  objective  of  this  study  was  to  contribute   to  a  factual  basis 
on  which  recommendations  for  traffic  engineering  improvements  could  be 
made  for  the  U.    S.   52  By-Tass  at  Lafayette-West  Lafayette,    Indiana.      To 
achieve  this  objective,   each  accident  resulting  in  $50  or  more  property 
damage,   an  injury  or  a  death  on  the  by-pass  or  within  200  feet  of  the 
by-pass  on  intersecting  streets  in  the  period  January  1,  1961,   through 
December  31j  1963,  was  analysed  in  depth. 

The  83U  accidents  involving  371*  injuries  and  ten  deaths  were  analysed 
by  multiple  linear  regression  analysis  and  quality  control  techniques. 
Several  different  types  of  accident  rates  wero  computed  and  evaluated 
and  collision-condition  diagrams  were  utilized  to  determine  specific 
causes  of  accidents  at  intersections  and  nonintersection  study  sections. 
In  addition  accident  rates  for  weekend  vs.  weekday,   day  vs.   night  and 
clear  vs.   inclement  weather  were  compared.     These  were  but  a  few  of  the 
comparisons  made  in  the  analysis  of  data. 

Although  this  study  has  only  been  of  one  seven-mile  high-accident 
facility,    the  findings  may  be  of  considerable  value  on  similar  facilities 
in  other  locations. 


INTRODUCTION 

In  the  United  States  (  1  )*  and  in  Indiana   (12)  the  population,   the 
number  of  vehicle  miles,    the  number  of  motor  vehicle  registrations,   and 
the  number  of  deaths  from  traffic  accidents,  1953  to  1963,  have  increased 
as  shown  in  Figures  1  and  2.      However,   the  death  rate  per  100  million 
vehicle  miles  has  decreased  substantially.      The  highway  engineer     is  the 
first  to  admit  that,   although  successful  steps  have  been  taken  to   reduce 
arotor  vehicle  accidents,   there  is  room  for  much  improvement.     The  Joint 
Highway  Research  Project  in  19&U  initiated  a  Traffic  Engineering  Demon- 
stration Project  on  the  U.    S.   $2   By-Pass  at  Lafayette-West  Lafayette, 
Indiana.     One  of  the  first  phases  of  this  study  was  a  study  in  depth  of 
the  traffic  accidents  which  occurred  on  this  facility  so  that  recommenda- 
tions could  be  made  for  traffic  engineering  improvements  which  would 
reduce  accidents  on  this  facility. 

A  study  was  also  made  of  the  delays  on  the  by-pass  and   the  results 
of  that  study  are  being  submitted  in  anothor  research   report.      Although 
this  study  has  only  been  of  one  seven-mile  high- accident   facility,    the 
findings  and  subsequent   recommendations  may  be  of  considerable  value  on 
similar  facilities  in  many  locations. 

The   Lafayette-West  Lafayette   Hy-Pass  was   the  scene  of  83U  accidents 
between  January  1,   196l,   and   December  31,    1963.      A   total  of   371*  injuries 
and  ten  deaths  resulted  from  these  accidents.      These  are  the  accidents 
which  were  investigated  in  this  study. 

♦  The  numbers  in  parentheses   refer  to  numbers  in   the  bibliography. 
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PURPOSE 

The  major  objective  of  this  study  was  to  contribute  to  a  factual  basis 
on  which  recommendations  for  traffic  engineering  improvements  could  be  made 
for  the  U.   S.   52  By- Pass  at  Lafayette- West  Lafayette,    Indiana.      To  achieve 
this  objective,  each  accident  resulting  in  $50  or  more  property  damage,   an 
injury  or  a  death  on  the  by-pass  or  within  200  feet  of  the  by-pass  on 
intersecting  streets  in  the  period  January  1,   1961,   through  December  31, 
1963,  was  analyzed  in  depth. 

THE  STUDY  LOCATION 

The  location  of  this  study  was  the  U.   S.  52  By- Pass  at  Lafayette, 
Indiana.     The  combined  population  of  Lafayette  and  West  Lafayette  is 
approximately  55>OO0.     This  does  not  include  approximately  15,000  Purdue 
University  students. 

Traffic  using  this  facility  is  through,   terminal  or  local  in  nature. 
Since  the  by-pass  is  on  a  direct  route  between  Chicago  and  Indianapolis, 
commercial  vehicles  represent  approximately  fourteen  percent  of  daylight 
traffic  and  a  much  higher  percentage  during  hours  of  darkness.      Through 
trips  constitute  less  than  fifty  percent  of  the  travel. 

A  large  percentage  of  the  traffic  terminates  in  Lafayette,   an 
industrial  center  and  the  county  seat  of  Tippecanoe  County,  or  in  West 
Lafayette  at  Purdue  University.     A  portion  of  the  traffic  is  local,   seek- 
ing access  to  commercial  and  industrial  establishments  located  on  the 
by-pass. 


The  by-pass  was  constructed  in  1938  in  a  rural  area  around  the  two 
cities.     Since  then  development  has  occurred  on  both  sides  of  the  facility 
until  much  of  the  by-pass  resembles  an  urban  arterial. 

The  location  of  the  U.  S.  52  By- Pass  in  relation  to  the  two  cities  is 
shown  in  Figure  3.     A  portion  of  the  facility  with  the  extensive  develop- 
ment along  it  is  shown  in  Figure  It. 

PREVIOUS  INVESTIGATIONS 

The  research  material  available  on  the  subject  of  motor  vehicle 
accidents  is  voluminous.     This  review  of  literature  has  been  restricted 
to  a  few  examples  of  investigations  which  used  multiple  linear  regression 
or  quality  control  analysis  and  one  recent  investigation  which  studied 
the  effectiveness  of  traffic  engineering  improvements. 

Multiple  Linear  Regression 

A  study  by  Woo   (22)  on  rural  Indiana  highways  indicated  that  accident 
occurrences  were  related  to   the  ADT  and  the  total  number  of  entrances  per 
mile  for  certain  volume  ranges  of  traffic.     Prediction  equations  appeared 
to  be  more  reliable  for  ADT's  over  8,000  showing  only  a  ♦  3  percent  error 
of  estimate.     Accidents  per  mile  was  used  as  the  rate  since  accidents  per 
million  vehicle  miles  showed  little  relationship  with  the  roadway  factors. 
Significant  factors  were  ADT,   congestion  index,   lane  width  and  total 
entrances  per  mile. 

In  19U9,   the  Michigan  State  Highway  Department  reported  the  results 
of  an  accident  analysis  for  19hB  and  19h9  (11).     Although  the  study 
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emphasized  the  importance  of  intersections  and  accidents,  it  was  found  to 
be  difficult  to  determine  any  relationship  between  individual  features  at 
intersections  and  accidents. 

A  3tudy  by  J.  Al  Head,  Oregon  State  Highway  Department,  in  1955  (  9  ) 
resulted  in  the  following  conclusions: 

"1.  Motor  vehicle  accident  rates  are  related  to  certain 
physical  features  of  urban  extensions  of  the  highway 
system.  This  relationship  is  strong  enough  in  the 
higher  ADT  ranges  to  make  it  possible  to  predict  acci- 
dent rates  with  a  reasonable  degree  of  accuracy  on  the 
basis  of  known  physical  features. 
2.  Accident  rates  on  low  volume  roads  do  not  have  a  3trong 

relationship  with  any  roadway  feature. 
3-  Motor  vehicle  accident  rates  increase  when: 

a.  Number  of  commercial  units  adjacent  to  the 
section  increases. 

b.  Number  of  traffic  signals  increases. 

c.  Number  of  intersections  increases. 

d.  Indicated  speed  decreases. 

e.  Average  daily  traffic  increases. 

f.  Pavement  width  increases." 

Quality  Control 

In  1955  Norden,  Orlansky  and  Jacobs  (1*)  concluded  that  the  applica- 
tion of  statistical  quality-control  techniques  for  analyring  highway- 
accident  data  showed  strong  promise  in  contributing  substantially  in 
solving  the  highway  accident  problem. 


A  study  by  HLindauer  (  3 )  involving  high-accident-rate  locations  in 
Indiana  in  l°5U-55>  concluded  that  the  application  of  the  principle  of 
quality  control  to  the  analysis  of  traffic  accidents  was  very  useful  in 
locating  accident-prone  sections  of  a  highway,  especially  those  containing 
single  intersections,   structures  and  railroad  crossings.     Assignable 
causes  were  found  for  75  percent  of  the  sections  that  were  out  of  control 
in  this  study. 

Traffic  Engineering  Improvements 

The  Bureau  of  Public   Roads  with  the  cooperation  of  the  District  of 
Columbia  Department  of  Highways  and  Traffic  in  1959  undertook  a  study  to 
determine  the  theoretical  effectiveness  of  various  known  methods  of 
increasing  traffic  capacity  on  an  urban  arterial   (  6  ).     Improvements  were 
placed  into  one  of  three  basic  phases,  depending  upon  the  complexity  of 
the  proposal  and  the  expense  involved,   as  follows: 

Phase  1:     Those  possible  at  relatively  little  or  no  cost. 
Phase  2:     Those  requiring  moderate  expenses. 
Phase  3:     Those  requiring  major  expenditures  and  construction. 
The  following  improvements  were  recommended  for  each  of  the  three 
phases. 

Among  the  recommendations  for  improvements  in  Phase  1  were: 
1.     Educate  drivers  to  signal  all   turns  well  in  advance  to  reduce 
the  unnecessary  serious  back-ups  which  were  observed  to  develop 
frequently  behind  vehicles  which  suddenly  turned  without  signal- 
ing. 


10 


2.  Adopt  spot  turning-movement  controls  to  alleviate  special  current 
problems  at  several  intersections. 

3.  Install  lane  markings  on  the  existing  street  to  make  full  use  of 
the  pavement  between  the  curbs. 

k.     Prohibit  left  turns  into  and  out  of  minor  intersecting  streets 
where  such  turning  movements  are  few  in  number  yet  interfer  with 
through  traffic. 

f>.     Control  turning  movements  in  midblock  into  driveways  and  off  street 
parking  areas,   though  they  need  not  be  eliminated  except  in  special 
cases. 

6.     Retime  the  traffic  signals  to  establish  the  best  possible  progres- 
sion, once  the  foregoing  steps  have  established  a  more  orderly 
and  predictable  flow. 

Some  improvements  for  Phase  2  were: 

1.  Widen  narrow  bottleneck  sections  where  possible. 

2.  Install  a  modem,  flexible  progressive  signal  system. 

3.  Channelize  several  major  at-grade  intersections.      In  most  cases, 
some  widening  would  be  involved. 

li.     Resurface  the  entire  street,   generally  within  the  existing  curb 
lines. 

?.     Provide  a  complete  system  of  lane  markings. 

6.     Install  a  modem  lighting  system. 

Two  Phase  3  improvements  were: 

1.     Grade  separations  at  certain  major  intersections  and  widening 

wherever  possible  are  required  or  at  least  desirable.     In  practice, 
these  improvements  may  not  function  efficiently  unless  corresponding 
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improvements  are  made  on  a  few  connecting  streets  to  prevent  those 
streets  from  becoming  overloaded. 
2.     Median  dividers  are  desirable,  but  their  acceptability  to  proprie- 
tors of  fronting  businesses  should  be  firmly  established  before 
they  are  installed. 
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PROCEDURE 

Accident  Data 

A  three  year  study  period  was  chosen  in  order  that  an  adequate  sample 
of  accidents  could  be  obtained.  The  last  three  years  of  accident  data 
available  were  1961  -  1963-  Therefore,  the  study  dates  were  chosen  to 
include  the  period  of  January  1,  1961  through  December  31,  1963 . 

Most  of  the  accident  data  were  collected  from  the  Accident  Records 
Division  of  the  Indiana  State  Police.  Indiana  state  law  requires  that 
all  accidents  involving  a  personal  injury,  death  or  property  damage  of 
$50  or  more  be  reported  to  the  police.  Some  of  the  accident  information 
was  obtained  from  the  files  of  the  Lafayette  police,  West  Lafayette  police 
and  Indiana  State  Policp  Post  No.  3  at  Lafayette. 

The  accident  information  on  the  investigating  officer's  accident 
report  form  (Figure  5  znd    6  )  was  available  from  the  Accident  Records 
Division  in  coded  form  (Figure  7  ).  The  heading  of  the  punch  card  listed 
the  data  coded  into  each  column.  The  codes  snd  the  information  available 
on  the  punch  cards  are  given  in  Appendix  A.  The  punch  cards  for  the 
accidents  on  U.  S.  52  in  Fairfield  and  Wabash  Townships  were  obtained. 
The  increasing  annua]  number  of  these  accidents  is  shown  in  Figure  8  . 

Information  which  was  desired  but  which  was  not  coded  included 
whether  the  vehicle  was  turning  right  or  left,  the  direction  of  travel 
before  the  accident,  the  exact  location  of  the  accident  and  the  addresses 
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Moll  Report  To:  INDIANA  STATI  POLICE,  INDIANAPOLIS  4,  INDIANA 


(■) 

TYPE- 


(9) 
SOURCE- 


110-111 
ANALYSIS- 


DO    NOT   WRITE    IN    THIS    SPACE 

(12-13-14-151  1161 


(2-3-4-5-6-7) 

ACCIDENT  NO- 


119-20)  (211 


DATE  OF  ACCIDENT- 


122) 
DAY  OF  WEEK- 


□ 


(23-241    I 
PM 


125-26) 


(271 


PLACE  WHERE  ACCIDENT  OCCURRED:  COUNTY 

If  Occident  occurred  outside  of  city  limili, 
indicate  dislonce  from  nearest  city  or  town 
limits,    using    two    directions,    if    necessary.  TOWNSHIP 

Occurred  within  corporate  limits.  MILES  NORTH.    

Occurred  outside  corporate  limits.  LIMITS  OF. 


I       I   (28-291    r 


CITY  OR  TOWN- 


.MILES  SOUTH. 


-MILES  WEST  OF. 


Cry  or  Town 


132-33-34) 


ROAD  ON  WHICH  ACCIDENT  OCCURRED- 


CD 


IF  NOT  AT  INTERSECTION- 


Nome  ot  Street  or  No.  of  Highway  (US  or  STATE).   If  no  No.,  us*  name. 
FEET    ( N «■  r W)    OF- 


(35-36) 

AT  IT  S  INTERSECTION  WITH- 


(37-38-39-40) 


r  Number  ot  Intersecting  -Street  or  Highway. 


Show  nearest  intersection,  house  number,  or  other  Identifying  landmark. 
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DRIVER PASSU  NO  I R 


PfOflTRIAN 


153-54)      (551 
AGI  >IX 
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Cur  (57)  »'«•• 
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Olhar  IIXPLAINI 


VEHICLE    NUMBER    2: 

TEAR MAKE- 


NATURf  AND   IIIIHT  Of  INJURIII 


1 |  l._  3. 
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FIGURE   5  INVESTIGATING       OFFICERS      ACCIDENT       REPORT 

FORM  ,  SIDE    ONE. 
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TsaT 


CHEMICAL   TEST 
Ped.         (Chech  one) 

No  test  offered 

. Test  offered  but  refused 

. Breath  lest  given. 

____  Blood  test  given. 
Urme  test  given. 


Not  arrested. 
Arrested  for  D.  U.  I 
Anested  tor  other  violation. 


(S1I     SPEED   LIMIT _    MPH 

162)     SPEED  BEFORE   ACCIDENT 

Veh.  1 MPH         Veh.2 MPH 


[ESI     CONTRIBUTING   CIRCUMSTANCES 
Driver  INDICATED 

1  2 

1 Speed  too  fast. 

2 Failed  to  yield  right  of-way 

3 Drove  left  of  center. 

4 _...  Improper  overtaking. 

S Passed  stop  sign. 

6 Disregarded  traffic  signal. 

7 Followed  too  closely 

8_ . Made  improper  turn 

9 Other  improper  driving 

10 Inadequate  brakes. 

11 Improper  lights. 

I? Had  been  drinking 


No  detects. 

Brakes  defective. 

Lights  defective 

Defective  steering. 

Puncture  or  blowou 

Other  defects 


Not  obscured. 

By  building,  s 

By  embankment. 

By  signboard 

Trees,  crops  etc 

By  hillcrest 


INDICATE  ON   THIS   DIAGRAM   WHAT   HAPPENED 


DRAW  DIAGRAM  TV  UkkJt 


!;0 


DESCRIBE  WHAT   HAPPENED: 
Refer  to  vehicle  by  number     _ 


Driver  No  t  mas  headed 


r  No  2  was  headed  . 


(Name  or  number  of  street  or  highway  ) 


S     __   E W    on_ 


(Check  applicable  items  lor  each  driver.) 


(Name  or  number  of  street  or  highway  ) 
Driver 


0 Passing  2 

1_         Turn  right.  3 

1  _  Turn  left  4_ 

I Make  U  turn 5     _ 


Backing. 

Slow  or  slop 

Going  straight  ahead. 
_   Start  m  traffic  lane. 


Start  from  parked 
position 
Avoiding  veh.. 


applying  bra  hes 
8 —   Skidded  atler 

applying  brakes 
9 Parked 


WHAT  PEDESTRIAN   WAS   DOING  BEFORE   ACCIDENT 

along 

S      E W    across  or  into  _ 


(87) 

Pedestrian  was  going 


Street  or  Highway 


From 


(Check  one) 

0  .  Not  in  roadway 

1  Walking  in  roadway  with  traffic 

2  Walking  in  roadway  against  traffic 

3  Pushing  or  working  on  vehicle 

4  _  Gelling  on  or  off  vehicle 

5  Standing  in  roadway 


IN   E  corner  to  S  E.  corner  or  from  West  side  to  East  side,  etc) 
6^ 


Other  working  in  roadway. 
7 Playmg  in  roadway 

8 Other 

I  Specify  actions) 
11  Crossing  or  entering  not  at  intersection 

12-.._    Crossing  or  entering  at  intersection. 


CONDITION   OF   DRIVERS 
AND  PEDESTRIANS 

(Check  one) 


(St) 
Driver 


(70) 
Ped. 


Had  NOT  been  dnnkin 

Obviously  drunk. 

Ability  impaired 

Ability  not  impaired. 

Unknown  if  impaired. 

»)  (71) 
Apparently  normal 

Eyesight  defective. 

Hearing  defective. 

Other  defects. 

tHnes*. 

Fatigued. 

Apparently  asleep 

Attention  diverted 

__  -  Advanced  semliry. 

Other  handicaps. 


(Specify  other  handicaps) 


Police 

officer 
.  Automatic 

Signal 
.  Yield  r.ght. 

of-way  sign 
.  Center  line 

marked 


4 Other  lane 

markings 
5 Stop  sign 

6 .   Warning  sign 

or  signal 

7 No  passing 

/one 

8 All  others 


■J     CHARACTER   (74 1 
(Check  two) 


Straight 
Curve 


1  Level 

2 On  grade 

3      _   H.lltresf 


!_  _     Concrete 

2__    Blacktop 

3  Sand  or 

dirt 
4 Gravel 


Olhei 


_  Snow.' ice 
Other 


(77)  WEATHER 
(Check  one) 

1 Clear 

?  _  Riming. 
3_  Snowing 
4    _   Fog. 

I 

Other 


Daylight. 
Dark 


|7t)     KINO   OF  LOCALITY 

1  Check  one  to  show  that  arte  adjacent 
to  roadway  lor  300'  was  primarily  J 

1 School  or  playground 

2  Industrial  or  business 
1 Residential 

4  Open  country 


(N|  ROAD   DEFCCTS 

1 Foreign  material  on  surface 

2. Loose  sand,  gravel,  etc 

3 Holes,  ruts,  dips,  bumps,  etc 

4 Defective  shoulders 

5 Obstruction  not  lighted  or 

Signaled 
t» Standing  water,  landslide,  etc 

7 Obstructed  by  previous  ace 

8 All  other  defects 


Charge 


Name 
INVESTIOATION:  Time  notified  of 


Charge 


lime  of  arrival  at  the  scene 


Where  else  was  investigation  made' 
Were  photographs  taken'  Yes 


Oepertm 


It  investigation  compter*' 
report  form  lumithed  lo  drive*  No   I 

Data  of  report  _ 


Aft*  ?     Investigate*  i  deport  Rev   W 


FIGURF  6         INVESTIGATING     OFFICERS 
FORM, SIDE    TWO. 


ACCIDENT      REPORT 
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of  the  drivers.      This  information  was  obtained  from  the  original  accident 
reports  and  placed  on  the  same  punch  card  along  with  the  previously  coded 
information.     By  use  of  the  detailed  location  on  the  original  accident 
report,   the  by-pass  accidents  were  separated  from  the  other  accidents 
occurring  on  U.   S.   52  in  Fairfield  and  Wabash  Townships. 

Preliminary  study  indicated  that  of  all  accidents  approximately 
56.7  percent  happened  within  ICO  feet  of  an  intersection  while  about  65.1 
percent  happened  within  200  feet  of  an  intersection  (see  Figure    9  ).     An 
additional  300  feet  gave  an  increase  of  only  10  percent.     Also  at  a  dis- 
tance greater  than  200  feet  most  of  the  accidents  were  influenced  by  fac- 
tors other  than  intersection  characteristics.     Therefore,  all  accidents 
which  happened  within  200  feet  of  each  intersection  on  the  cross  streets 
were  included  in  the  study,   and  accidents  within  200  feet  of  each  inter- 
section on  the  by-pass  and  the  cross  streets  were  analyzed  as  intersection 
accidents.     Data  on  accidents  occurring  on  the  cress  streets  within  200 
feet  of  the  by-pass  were  obtained  from  local  police  records  and  coded  in 
the  same  manner  as  the  U.   S.  52  By-Fass  accidents. 
•  A  collision  'diagram  was  drawn  for  each  accident. 

Highway  Elements 

The  by-pass  study  section  extended  from  the  northwest  corner  of  West 
Lafayette  to  the  southeast  comer  of  Lafayette.     With  the  aid  of  aerial 
photographs  and  field  inspection  the  by-pass  was  divided  into  sections. 
Each  section  was  selected  so  that  it  would  have  similar  physical  character- 
istics, commercial  development,   and  volume  of  traffic  throughout  its  length. 

Fourteen  intersections  were  considered  to  have  a  large  enough  cross 
street  volume  to  warrant  consideration  as  an  intersection  stuch/  section. 
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500ft. 


FIGURE   9        PERCENTAGE    OF  ALL    ACCIDENTS     THAT    HAPPENED 
WITHIN    100,  200    OR    500    FEET    OF    AN      INTERSECTION. 
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A  few  other  intersections  with  low  cross  street  volumes  (below  £00  ADT) 
were  considered  within  the  section  in  which  they  occurred.     The  by-pass 
was  divided  into  twenty-four  sections  and  fourteen  intersection  study 
areas.     These  sections  are  illustrated  in  Figure  10. 

An  inventory  of  the  physical  features  of  each  section  was  conducted 
in  the  summer  of  I96I4.      Those  highway  characteristics  (variables)  which 
might  affect  accident     rates  and  which  were  considered  in  the  analysis  of 
each  section  are  shown  in  Tables    1    and    2  .     Physical  conditions  that 
changed  during  the  three  year  period  were  determined  by  consulting  the 
Traffic  Division  of  the  Crawfordsville  District,    Indiana  State  Highway 
Commission.      The  Lafayette-West  Lafayette  City  Directory  was  used  to 
determine  the  year  each  commercial  establishment  was  developed  along  the 
by-pass. 

Volume 

In  many  accident  studies  volume  has  correlated  well  with  accidents. 
Volume  has  been  usually  represented  by  annual  average  daily  traffic   (ADT). 
In  this  study  the  hourly  volume  at  the  time  of  the  accident  as  well  as  the 
ADT  was  correlated  with  the  accident  occurrence.     Because  volume  counts 
were  not  taken  during  the  study  peiiod,   these  hourly  volumes  were  esti- 
mated as  indicated  in  the  following  paragraphs. 

Traffic  counts  taken  during  the  summer  of  1961a.  were  supplemented  by- 
volume  data  from  the  Division  of  Planning,   Indiana  State  Highway  Commission 
(see  Figure  11    for  ADT  volume  data  at  one  point  on  the  by-pass).     Factors 
were  determined  from  the  count  data  on  the  by-pass  and  from  records  of  the 
Highway   Commission  for  yearly,  monthly,   daily,   and  hourly  variations  in 
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INTERSECTION 
NONINTERSECTION 


INTERSECTIONS 


©  U.S.  52    -     NORTHWESTERN   AVE 

(2)  YEAGER    ROAD 

(D  SALISBURY   ST    -   COUNTY    FARM  ROAD 

@  HAPPY    HOLLOW    -   SOLDIERS   HOME   ROAD 

(5)  NINTH    STREET    CUTOFF 

(6)  SCHUYLER    AVE.     -     STATE   ROAD   25   N. 
©  UNDERWOOD    ST. 

(8)  GREENBUSH    ST. 

(D  UNION    ST. 

®  SOUTH    ST.    -    STATE    ROAD    26 

(Q)  KOSSUTH    ST 

©  McCARTY    LANE 

©  MAIN    ST.   -    STATE   ROAD    38 

@  TEAL   ROAD  -  U.S.  231    -    STATE   ROAD   25   S. 
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FIGURE    10 


U.S.    52     BY- PASS      STUDY      SECTIONS- 
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TABLE  1 

INTERSECTION 
INDEPENDENT  VARIABLES 

Number  Variable 

1  Presence  of  traffic  signal 

2  Percent  green  time  on  by-pass 

3  By-pass  ADT,  vehicles  per  day 

h  Cross  street  ADT,  vehicles  per  day 

f>  Total  ADT,   vehicles  per  day 

6  Total  hourly  practical  capacity,   vehicles  per  hour 

7  Number  of  right  turn  only  lanes 

8  Number  of  left  turn     only  lanes 

9  Length  of  extra  approach  turn  lanes,   feet 

10  Length  of  extra  exit  lanes,   feet 

11  Maximum  percent  left  turns  from  by-pass,  percent* 

12  Maximum  percent  left  turns  from  cross  street,   percent* 

13  Maximum  approach  speed,  raph** 

lh  Number  of  intersections  from  extremities  of  by- pass 

15  Total  number  of  establishments  within  200  feet  of 
intersection 

16  Total  number  of  driveways  within  200  feet  of 
intersection 

17  Percent  of  grade,   absolute  value 

18  Degree  of  curvature,   degrees 

19  Number  of  approaches  to  intersection 

20  Number  of  lanes  on  by-pass 

21  Total  width  of  driveways,   feet 

22  Maximum  percent  right  turns  from  by-pass* 

23  Maximum  percent  right  turns  from  cross  street* 
2U  Total  approach  width  for  intersection,   feet 

2$  Distance  from  extremities  of  by-pass,    feet 

26  Number  of  extra  exit  lanes 

27  Number  of  extra,  approach  lanes 

*  Highest  of  the  percent  turns  during  all  daylight  hours  for  the  two 
directions  of  flow. 
**  Highest  of  the  average  speeds  on  the  approaches  to  an  intersection. 
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TABLE  2 

NON INTERSECTION 
INDEPENDENT  VARIABLES 

Number  Variable 

1  Number  of  establishments  per  mile   (side  toward  urban  area) 

2  Number  of  establishments  per  mile  (side  opposite  urban  area) 

3  Total  number  of  establishments  per  mile 

h  Number  of  driveways  per  mile  (side  toward  urban  area) 

5  Number  of  driveways  per  mile  (side  opposite  urban  area) 

6  Total  number  of  driveways  per  mile 

7  Shoulder  width  (side  toward  urban  area),  feet 

8  Shoulder  width  (side  opposite  urban  area),  feet 

9  Total  shoulder  width  (both  sides),  feet 

10  Number  of  low  volume  intersections  per  mile   (side  toward 
urt>an  area) 

11  Number  of  low  volume  intersections  per  mile  (side  opposite 
urban  area) 

12  Total  number  of  low  volume  intersections  per  mile 

13  Number  of  lanes  on  by-pass 
111  Degree  of  curvature,   degrees 

15  Percent  no-passing  zone 

16  Percent  change  in  grade,   absolute  value 

17  Number  of  signalised  intersections  adjacent  to  section 

18  Number  of  intersections  adjacent  to  section 

19  Geometric  modulus 

20  Practical  capacity,   vehicles  per  hour 

21  ADT,   vehicles  per  day 

22  Width  of  driveways  per  mile   (side  toward  urban  area),   feet 

23  Width  of  driveways  per  mile  (side  opposite  urban  area),    feet 
2U  Operating  speed,  mph 

25  Total  width  of  driveways  per  mile,   feet 

26  Distance  from  extremities  of  by- pass,   feet 

27  Number  of  sections  from  extremities  of  by-pass 

28  Length  of  turning  lanes  in  section,   feet 
56  ADT  per  practical  capacity 
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ANNUAL     AVERAGE     DAILY      TRAFFIC     ON     U.S. 
52     BY-PASS      SOUTH      OF      S.  R.  26. 
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traffic  volume  for  each  study  section.  Therefore,  by  knovdng  the  location, 
year,  month,  day,  and  hour  of  an  accident,  the  hourly  volume  was  estimated 
by  applying  the  appropriate  factors  to  volume  counts  taken  on  or  near  each 
section  during  this  study. 

Appendix  B  shows  the  1963  annual  average  daily  traffic  volumes  for 
each  leg  of  every  intersection.  Also  shown  on  each  figure  in  Appendix  B 
are  percentages  of  the  approach  volumes  that  make  the  indicated  turning 
movements.  The  percentages  are  averages  for  several  daylight  periods. 

Figure  12  is  an  illustration  of  the  1963  ADT  volume  on  the  by- pass 
and  the  cross  streets. 

Capacity 

The  practical  capacity  for  each  nonintersection  study  section  was 
calculated  by  the  method  described  in  the  Highway  Capacity  Manual   (  ?  )• 

In  order  to  determine  the  practical  capacities  of  the  signalized  inter- 
sections a  study  was  made  to  determine  the  effectiveness  of  paved  shoulders 
in  increasing  the  practical  capacity.     Possible  capacities  were  obtained 
for  each  approach  to  the  intersection  by  counting  the  number  of  vehicles 
entering  from  that  approach  per  loaded  cycle.     A  loaded  cycle  was  one  that 
always  had  one  or  more  vehicles  waiting  to  proceed  through  the  intersec- 
tion.     These  counts  were  then  converted  to  a  volume  per  hour  of  green  time. 
The  counts  were  then  adjusted  by  appropriate  factors  from  the  Highway 
Capacity  Manual  for  practical  capacity,  left  and  right  turns,   commercial 
vehicles,  parking,   and  bus  stops.     This  study  indicated  that  each  paved 
shoulder  of  the  by-pass  was  carrying  approximately  one-third  the  capacity 
of  a  properly  constructed  and  signed  turning  lane   (see  Figures  13   and  llj). 
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©       US  52     -     NORTHWESTERN   AVE 
©       YEAGER    ROAD 

©       SALISBURY   ST    -   COUNTY    FARM  ROAD 
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20000 
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FIGURE    12  1963    ADT     VOLUME      CN      THE      U.S.    52     BY-  FASS 

ANC      CROSS       STREETS. 
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FIGURE    13  MANEUVEhiNG     uN      PAVED      SHOULDER      AROUND 

LEFT      TURN     VEHICLE. 
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FIGURF    14         PAVET     SHOULDER      AVAILABLE      FOR      USE      OF 
THROUGH      VEHICLES 


23 


The  practical  capacity  for  each  signalized  intersection  was  computed 
using  the  revised  curves  for  the  Highway  Capacity  Manual  (10 )  for  one 
eleven  foot  through  lane  in  each  direction.  Then  the  practical  capacity 
was  calculated  for  an  extra  turning  lane  if  more  than  one  lane  existed  for 
a  direction  of  travel.  This  lane  was  assumed  to  be  a  left  turn  only  lane 
if  the  predominant  turning  movement  at  that  approach  was  left  and  assumed 
to  be  a  right  turn  only  lane  if  the  predominant  turning  movement  at  that 
approach  was  right.  If  the  additional  lane  was  only  a  paved  shoulder  not 
constructed,  signed,  or  used  exclusively  as  a  turning  lane,  only  one-third 
of  the  turning  lane  capacity  was  added  to  the  through  lane  capacity.  The 
practical  capacities  were  thus  determined  for  the  conditions  that  existed 
at  each  signalized  intersection. 

The  possible  capacity  for  non- signalized  intersections  was  calculated 
in  the  following  manner.  The  headway  distribution  on  the  by-pass  was 
assumed  to  be  very  similar  to  that  shown  on  page  bO   of  the  Highway  Capacity 
Manual.  The  average  acceptable  gap  at  stop-controlled  intersections  was 
considered  as  eight  seconds  (18).  Each  succeeding  vehicle  was  assumed  to 
require  an  additional  four  seconds  to  move  to  the  next  position  in  the 
queue  and  stop  (13).  Based  on  these  assumptions,  for  any  given  hourly 
volume  on  the  major  street,  an  approach  capacity  was  determined  for  the 
minor  street.  An  example  calculation  is  shown  in  Table  3  •  The  relation- 
ship between  hourly  volume  in  the  major  direction  on  the  major  street  and 
hourly  capacity  on  the  minor  street  approach  is  shown  in  Figure  l£. 
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VOLUME    ON    BY-PASS    MAJOR     DIRECTION     OF     FLOW 
(VEHICLES     PER     HOU'R) 


FIGURE    J5         POSSIBLE      CAPACITY      OF     A      STOP-CONTROLLED 

CROSS     STREET     APPROACH     FOR      MAJOR     DIRECTION 
HOURLY     VOLUMES     ON     THE      BY-PASS. 
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ANALYSES  OF  DATA 

The  data  for  the  many  variables  were  analyzed  by  multiple  linear 
regression  and  the  technique  of  quality  control  was  applied  to  each  sec- 
tion.    Accident  rates  were  also  calculated  for  each  section  and  collision- 
condition  diagrams  were  prepared  for  each  accident. 

Multiple  Linear  Regression 

This  method  was     utilized  to  provide  a  generalized  analysis  of  the 
causes  of  accidents  at  intersections  and  sections  of  a  high-volume  highway 
and  to  provide  an  expression  for  predicting  accidents  at  each  such  loca- 
tion. 

The  variables  used  are  shown  in  Tables   1     and    2 .     Twenty-nine 
prediction  equations  were  developed  for  intersections  and  27  for  non- 
intersections. 

The  computer  program  used  in  this  study  for  the  multiple  linear 
regression  analysis  was  the  BIMD  2R,    "Stepwise  Regression '•   (19).     The 
program  deck  was  available  through  the  Purdue  Statistical   Laboratory 
library  Program. 

This  program  computed  a  sequence  of  multiple  linear  regression  equa- 
tions in  a  stepwise  manner.     At  each  step  one  variable  was  added  to  the 
regression  equation.     The  variable  added  was  the  one  which  made  the  greatest 
reduction  in  the  error  sum  of  squares.      Equivalently  it  was  the  variable 
which  had  the  highest  partial  correlation  with  the  dependent  variable 
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partialed  on  the  variables  which  had  already  been  added;  and  equivalently 
it  was  the  variable  which,  if  it  were  to  be  added  would  have  the  highest 
F  value.  In  addition,  variables  were  automatically  removed  when  their  F 
values  became  too  low.  This  technique  is  sometimes  called  the  "building 
up"  method. 

Intersections, 

All  of  the  variables  listed  in  Table  1  were  used  in  the  preliminary 
analysis.  These  results  were  examined  and  certain  variables  were  deleted. 
Some  of  the  deleted  variables  had  very  small  simple  correlations  with  the 
dependent  variable.  Variables  numbered  12*  and  2$   had  an  intercorrelation 
coefficient  of  0.917-  In  such  cases  one  of  the  variables,  in  this  case 
variable  number  Ik,  was  deleted  from  further  calculations. 

Table  h   contains  the  variables  that  were  used  in  the  final  analysis. 
This  table  should  be  used  for  reference  in  the  following  discussion. 

Prediction  equations  can  be  obtained  for  each  of  the  dependent  vari- 
ables in  Table  5>.  These  equations  are  obtained  from  Table  6  for  each 
of  the  dependent  variables  as  shown  in  the  following  example  for  Y^R, 
total  accident  rate  at  intersections. 

Y28  "  "309.860  -  0.908X2  +  O.OlhJf  +  0.025X,  +  h.868^  + 
U.e32X13  +  10.585^  -  o.i£ax21 

The  multiple  correlation  coefficient  equals  0.873-  The  variables 

o 

in  this  example  explain  approximately  76  percent   (r  )  of  the  variation  in 

intersection  accident  rates. 
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TABLE  U 

INDEPENDENT  VARIABLES  USED  IN  FINAL 
MULTIPLE  LINEAR  REGRESSION  ANALYSIS 


Intersections 


Variable  Number  Description 

2  Percent  green  tine  on  by-pass,  percent 

3  By-pass  ADT,   vehicles  per  day 

k  Cross  street   ADT,   vehicles  per  day 

$  Total  ADT,   vehicles  per  day 

U  Maximum  percent  left  turns  from  a  by-pass 

approach,  percent 

12  Maximum  percent  left  turns  from  a  cross 

street  approach,  percent 

13  Maximum  approach  speed,  mph 

l£  Total  number  of  establishments  within  200 

feet  of  intersection 

16  Total  number  of  driveways  within  200  feet 

of  intersection 

19  Number  of  approaches  to  intersection 

21  Total  width  of  driveways,   feet 

22  Maximum  percent  right  turns  from  by-pass, 
percent 

23  Maxinum  percent  right  turns  from  cross 

street,  percent 

25  Distance  from  extremities  of  by-pass,    feet 


3k 


TABLE  5 
DEPENDENT  VARIABLES  -  INTERSECTIONS 

28  Total  accident  rate  (Accidents  per  100  million  vehicles) 

29  Accident  cost  (Dollars  lost  in  injuries  and  property  damage) 

30  Injury  accidents  (Injury  accident  per  100  MV) 

31  Right  turn  accidents  (Accidents  per  100  MV) 

32  Left  turn  accidents  (Accidents  per  100  MV) 

33  Type  I  accidents  (Accidents  per  100  MV) 
}h  Type  II  accidents  (Accidents  per  100  MV) 

35  Property  damage  only  accidents  (Accidents  per  100  MV) 

36  Day  accidents  (Accidents  per  100  MV) 

37  Night  accidents  (Accidents  per  100  MV) 

38  Weekend  accidents  (Accidents  per  100  MV) 

39  Weekday  accidents  (Accidents  per  100  MV) 

UO    Accidents  with  hourly  volumes  less  than  600  vph  (Accidents  per  100  MV) 

ill    Accidents  with  hourly  volumes  between  600  -  800  vph  (Accidents  per 
100  MV) 

U2    Accidents  with  hourly  volumes  between  800  -  1000  vph  (Accidents  per 
100  MV) 

U3    Accidents  with  hourly  volumes  between  1000  -  1200  vph  (Accidents  per 
100  MV) 

Uii    Accidents  with  hourly  volumes  between  1200  -  lltOO  vph  (Accidents  per 
100  MV) 

li5    Accidents  with  hourly  volumes  between  lliOO  -  1600  vph  (Accidents  per 

100  MV) 

16         Accidents  with  hourly  volumes  between  1600  -  1800  vph  (Accidents  per 
100  MV) 

U7    Accidents  with  hourly  volumes  greater  than  1800  vph  (Accidents  per 
100  MV) 

U8    Tippecanoe  county  vehicle  accidents  (Vehicles  in  accidents  per  100  MV) 

1*9    Non- Tippecanoe  county  vehicle  accidents  (Vehicles  in  accidents  per 
100  MV) 

50  Northwest  bound  vehicle  accidents  (Vehicles  in  accidents  per  100  MV) 

51  Southeast  bound  vehicle  accidents  (Vehicles  in  accidents  per  100  MV) 

52  Clear  weather  accidents  (Accidents  per  100  MV) 

53  Rainy  or  snowy  weather  accidents  (Accidents  per  100  MV) 

Six        Passenger  car  accidents  (Vehicles  in  accidents  per  100  MV) 

55  Truck  accidents  (Vehicles  in  accidents  per  100  MV) 

56  Arrests  (Arrests  of  drivers  in  accidents  per  100  MV) 
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TABLE  6 
COEFFICIENTS  FOR  MULTIPLE  LINEAR  REGRESSION  EQUATIONS 

-  INTERSECTIONS 


Dependent  Variables 

Constant 

28 

-309.860 

29 

23U67.000 

30 

-3U8.630 

31 
-3.936 

32 
-301.220 

h 

-    0.908 

-  102.330 

-    0.238 

0.202 

b 

O.OlU 

0.009 

-0.001 

\ 

0.025  * 

0.006 

% 

1.286 

0.010 

g  *n 

U.868 

5.398 

8.175 

CQ      y 

1.250 

2.378 

*  *i3 

U.  832 

188.930 

2.U33 

2.9I4O 

1 

a  Y 
1  ^6 

10.585 

10.156 

1.1*99 

9.167 

-     2.51*2 

1  x^ 

-  70.827 

% 

-    0.1514 

-    10.770 

*22 

-    18.790 

0.559 

^3 

-     26.720 

0.193 

1.U08 

X25 

0.873  0.822  0.712  0.667  0.809 


*  The  coefficient  underlined  represents  the  variable  that  is  the  moot 
significant  in  the  regression  equation. 
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TABLE  6  (Continued) 


Dependent  Variables 


Constant 


h 


33 

390.530 

3U 
13.553 

35 
-29.230 

36 
-1367.000 

37 
-198.082 

0.978 

-0.009 

5.855 
0.023 

0.993 

0.005 

0.03U 

0.1U3 

0.061 

L  O.Olli  0.009  o.ooU 

Xjjl  5.91*0 


:^ 

6.6Ui 

-1.027 

11.666 

8.716 

-     17.030 

5    *19 

170.080 

X21 

-0.088 

-  0.166 

h2 

-    11.950 

X23 

2.952 

% 

-     0.005 

0.861  0.81*3  0.859  0.555  0.568 
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TABLE    6    (Continued) 


CO 


h 


hi 


hz 

$ 


Dependent  Variables 


38  39  UO  Id  12 

Constant        -1108.930        -lli71.600        132.170        -1*09.880        -I4I6.I60 


3.061 

-  0.598 

2.350 

1.9Ui 

0.037 

0.002 

0.016 

O.OI42 

0.009 

0.0314 

0.011 

0.007 

S.2U9 

12.0li0 

11.269 

10.880 

a 

\3  6.539  11.11*3  3.151 


I*15 

&  hs  7-6?e 

a      xu 

5   XL9  60.U89  -29.100 

X^  -  0.199 

\2  -      6.W6 

X23  2.1*86 

x2^  0.001  0.006 

r  0.723  0.602  0.593  0.168  0.1*82 
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TABLE    6    (Continued) 


Dependent 

Variables 

Constant 

U3 
-2618.170 

an 

11356.980 

IS 

12895.600 

I46 

10331-700 

U7 

-8576.900 

h 

10.310 

-  105-990 

-  152.000 

17.199 

32.130 

h 

1-925 

-      0.71(8 

\ 

-    2.369 

0.62£ 

H 

0.036 

-      1.817 

O.2U4 

0.98k 

U6.289 

z**3 

576.180 

760.080 

77.71*0 

1*16 

-2251.000 

-2996. boo 

82U.500 

1182.900 

5    X. 

h9 

223. hhO 

hi 

17.899 

26.122 

hz 

-  182. U50 

-  250.900 

-     ^9.290 

*23 

2U.310 

23.1liO 

Xor- 

-       0.062 

-      0.097 

0.553  0.527  O.U87  0.805  0.750 
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TABLE   6    (Continued) 


Dependent 

Variables 

Constant 

U8 
-5772.800 

U9 
-621.010 

50 
6.398 

51 
-1088.600 

52 

-231. Ola 

h 

-     17.001 

-    2.959 

-    0.652 

h 

0.21? 

0.029 

0.019 

0.063 

0.012 

0.021} 

0.072 

-      0.026 

0.022 

X^  1*7.928 


161.81C 


*11  79.210  7.7U7  31.270  U.201 

t    ^  56.100         12.250       -10.78U  2.989 

I     X,K  28.656  9.1*38 

I 

Ph 

w 

c 

2:    Y 

H       ^9 

X21  -  1.259  -       0.758         -     0.217 
X22                                                                                  18.175 

X_  28.011                            -  h. 230                 2.6U5 

X^  -      0.051                               0.018 

r  0.655  0.850  0.792  0.8a  0.85h 


Uo 


TABLE    6    (Continued) 


Dependent  Variables 

Constant 

53 
1939.700 

5U 

-279.620 

55 
753-31*0 

56 

-191.270 

h 

-     2.223 

-  U.113 

h 

0.022 

0.007 

h 

0.116 

0.076 

0.030 

0.012 

*s 

S3  hi 

3  ^ 

2.6U7 

-  3-783 

16.175 
-8U0.280 

6.527 

23.170 

3.637 

p 

1  *16 

U3U-330 

5  *1S> 

-  15.306 

"a 

-    0.h38 

-  0.316 

*22 

Y 

23 

-  38.9UO 

% 

0.156 

0.7li3  0.860  0.639  0.813 


la 


A  summary  table  from  the  computer  program  illustrated  the  increase 

p 
in  the  multiple  correlation  coefficient  squared,    r  ,   after  each  variable 

was  added  to  the  regression  equation.     Only  variables  which  contributed 

2 
approximately  0.02  or  more  to  the  cumulative  r    were  considered  sufficiently 

significant  to  be  retained  in  the  regression  equation. 

Important  variables  in  estimating  the  accident  rate  at  intersections 
(see  example  above)  are  the  percentage  of  green  time  allotted  to  the  by- 
pass  (100  percent  green  time  means  there  was  no  traffic  signal  present) 
(X^),   the  by-pass  daily  traffic   (X,),   the  cross-street  daily  volume   (Xt  ), 
the  percent  of  left  turns  from  the  by-pass   (X_-  ),  the  maximum  approach 
speed  to  the  intersection  (X,-.),  the  number  of  establishments  within  200 
feet  of  the  intersection  (X,^)*   and  the  total  width  of  driveways   (X„, ). 

The  simple  correlation  coefficients  between  each  variable  and  all 
other  variables  are  shown  in  Table    7  .     For  the  independent  variables  in 
the  above  example  these  simple  correlation  coefficients  with  the  dependent 
variable,   accidents  per  100  million  vehicles   (Y?g)>   are  as  follows. 


Independent  Variable 

Simple  Correlation  Coefficients 

X2 

-0.598 

X3 

0.280 

\ 

0.766 

hi 

O.U93 

*13 

0.2£6 

hs 

0.032 

*2l 

0.207 

The  means  and  standard  deviations  of  each  of  the  variables  are  shown 
in  Table  8  . 
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TABLE    8 
VARIABLE      MEANS     AND     STANDARD      DEVIATIONS-INTERSECTIONS 

VARIABLE  MEAN                    STANDARD    DEVIATION 

1  0.38095  0.49151 

2  79.83333  24.10740 

3  15843.80945  2712.48019 

4  3119.64285  2047.91287 

5  18963.45215  3817.15594 

6  1874.85713  1066.02895 

7  0.35714  0.53289 

8  0.119C5  0.39524 

9  484.28571  474.21894 

10  273.57143  330.74615 

11  12.78571  5.91623 

12  45.71429  18.97532 

13  42.92142  7.41184 

14  4.000C0  2.02424 

15  3.42857  2.22122 

16  7.000CO  5.47723 

17  0.61667  0.92319 

18  0.65714  1.40819 

19  3.66667  0.47712 

20  2.35714  0.72655 

21  282.14286  220.23618 

22  12.14286  11.07969 

23  43.57143  21.20877 

24  69.500C0  18.43810 

25  7664.92853  5982.35895 

26  1.38095  0.76357 

27  2.04762  1.16770 

28  177.90476  104.42451 

29  9306.66663  7816.45068 

30  41.35714  33.07996 

31  15.90476  19.80984 

32  60.000C0  44.10021 

33  148.57143  95.01762 

34  18.80952  25.98896 

35  135.38095  79.20826 

36  273.33333  417.41512 

37  157.14286  160.37753 

38  222.61905  202.33212 

39  200.00000  263.28987 

40  50.21429  49.60307 

41  127.11905  146.75700 

42  189.50000  144.14816 

43  304.73809  522.65006 

44  1841.619C3  7780.70319 

45  2534.45236  12352.06165 

46  906.476  19  1794.98070 

47  1058.500C0  2350.44586 

48  571.21428  990.98905 

49  305.19048  202.65664 

50  355.23809  243.92739 

51  285.28571  249.52679 

52  124.78571  84.42128 

53  2672.357  12  2064.44553 

54  359.88095  219.48133 

55  254.76190  228.49184 

56  90.26190  55.38823 
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The  independent  variables  most  frequently  appearing  in  the  multiple 
linear  regression  equations  for  the  several  accident  rates  were  percent 
green  time  on  the  by-pass   (X_),  maximum  approach  speed   (X...),   cross  street 
ADT  (X,  ),   and  the  by-pass  ADT  (X.J.     At  least  one  of  the  variables  repre- 
senting volume  (either  X,,  X,  ,   or  X^)  was  always  significant  in  each  of 
the  intersection  regression  equations.     The  variable  to  appear  significant 
the  fewest  times  was  the  maximum  percent  left  turns  from  a  cross  street 
approach  (X,?). 

Variables  that  were  significant  in  predicting  left-turn  accidents 
but  not  right- turn  accidents  included  total  intersection  ADT  (X-),  maximum 
left  turns  from  a  by-pass  approach   (X...  ),  maximum  percent  left  turns  from 
a  cross  street  approach  (X,?)  and  maximum  approach  speed   (X,,).     Variables 
used  in  predicting  right- turn  accidents  but  not  left- turn  accidents  were 
percent  green  time  on  by- pass  (X-),   by-pass  ADT  (X.,),   cross  street  ADT 
(X.  )  and  maximum  percent  right  turns  from  the  by-pass (X??). 

Total  width  of  driveways  (Xp,  )  and  total  number  of  establishments 
(X.jO  were  significant  for  Type  II  accidents  while  percent  green  time  on 
the  by-pass   (X^)  and  the  maximum  percent  left  turns  from  the  by-pass  were 
important  in  predicting  Type  I  accidents. 

Maximum  approach  speed   (X.,)  was  not  a  significant  variable  for 
property- damage- only  accidents  but  commercial  development  was   (X.^  and 
X?J.     Speed   (X     ),  left  turns   (X.,   and  X.^),   and  coranercial    development 
(X1-  and  Xw)  were  all   significant  for  injury  accidents. 

Commercial,  development  had  no  significant  effect  on  the  night  accident 
rate,   but  the  location  of  an  intersection  relative  to  the  extremities  of 
the  by-pass  did. 
*  See  page  126  for  definition  of  Type  I,   II,   III  and  IV  accidents. 


U9 


Weekend  and  weekday  accident  rates  were  affected  by  nearly  the  same 
variables.  Percent  green  time  on  the  by-pass,  however,  was  significant 
in  weekday  bub  not  weekend  accidents. 

The  accidents  occurring  during  hours  of  less  than  1000  vehicles  per 
hour  appeared  the  most  difficult  to  predict  (multiple  correlation  coeffi- 
cients of  approximately  0 .  Ii7  ) .  For  volumes  between  1000  and  1600  vehicles 
per  hour,  approach  speed  and  commercial  development  were  significant. 
Total  volume  and  cross  street  volume  were  important  variables  for  volumes 
greater  than  1600  vehicles  per  hour. 

Cross  street  volumes  appeared  to  affect  out-of -county  drivers  more 
than  they  affected  Tippecanoe  County  drivers. 

Approach  speed  was  a  more  significant  variable  in  predicting  north- 
west bound  vehicle  accidents  than  southeast  bound  vehicle  accidents. 

Commercial  development,  approach  speed  and  cross  street  traffic  were 
significant  for  clear  weather  accidents  as  well  as  for  accidents  in  incle- 
ment weather. 

While  left  turns  from  the  cross  streets  were  significant  in  truck 
accidents,  approach  speed  and  number  of  establishments  were  important  in 
passenger  car  accidents. 

Approach  speed  was  significant  in  accidents  involving  arrest:;. 

The  variable  that  was  the  most  significant  in  each  intersection 
multiple  linear  regression  equation  is  underlined  in  Table  6  .  The  vari- 
able that  is  underlined  moat  frequently  is  the  cross  street  ADT  (X,  ). 

Noninter3ections 
The  variables  listed  in  Table  9    are  those  remaining  after  other 
less  significant  variables  were  removed  as  in  the  intersection  analysis. 
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TABLE  9 

Independent  variables  used  in  final 
multiple  linear  regression  analysis 


Nonintersec  tions 


Variable  Number  Description 

3  Total  number  of  establishments  per  mile 

6  Total  number  of  driveways  per  mile 

9  Total  shoulder  width,   feet 

12  Total  number  of  low  volxime  intersections  per 
mile 

15>  Percentage  no-passing  zones,   percent 

18  Number  of  intersections  adjacent  to  section 

19  Geometric  modulus 

20  Practical  capacity,   vehicles  per  hour 

21  ADT,   veliicles  per  day 
2U  Operating  speed,  mph 

2$  Total  width  of  driveways  per  mile,   feet 

26  Distance  from  extremities  of  by-pass,   feet 

28  Length  of  turning  lanes  in  section,   feet 

£6  ADT  per  practical  capacity 
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This  table  should  be  referred  to  when  using  the  prediction  equations. 
Table  10  is  a  listing  of  the  dependent  variables.     The  prediction  equations 
can  be  determined  from  Table  11  by  the  same  method  previously  illustrated 
for  intersections.      Independent  variables  that  were  significant  in  each  of 
the  dependent  variable  prediction  equations  are  shown  in  this  table.     A 

variable  was  considered  significant  if  it  contributed  approximately  0.02 

2 
to  the  cumulative  r  . 

The  variables  used  in  the  prediction  equation  for  T?9,   accidents  per 
100  million  vehicle  miles,  are  total  establishments  per  mile   (X-J,   the 
percent  of  no-passing  zones   (X.^),   the  number  of  intersections  adjacent 
to  the  study  section  (X,o),   the  geometric  modulus  (X^-),   the  total  width 
of  driveways  per  mile   (X?t0  and  the  distance  from  the  extremities  of  the 
by-pass  (X.,).      These  variables  had  a  multiple  correlation  coefficient  of 
Q.$7h  and  explained  approximately  33  percent  of  the  variation  in  noninter- 
section  accident  rates.     This  percentage  is  considerably  less  than  that 
found  for  intersections. 

The  correlation  coefficients  of  each  variable  with  all  other  variables 
are  shown  in  Table  12.     The  means  and  standard  deviations  of  each  variable 
are  shown  in  Table  13« 

The  independent  variables  that  were  significant  most  often  in  the 
nonintersection  nultiple  linear  regression  equations  were  the  total  number 
of  establishments  per  mile   (X,),   the  length  of  turning  lanes  in  the  section 
(X  fi),    the  total  width  of  driveways  per  mile   (X-^)   and  the  geometric 
modulus   (X,Q).      The  independent  variable  that  was   significant   the  fewest 
times  was  the  total   shoulder  width   (X^). 

Independent  variables  .significant  in  predicting  total  accident  cost 
(T     )  but  not  total  accident  rate   (Y     )  were  the  total  shoulder  width   (X   ), 
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TABLE  10 
DEPENDENT  VARIABLES  -  NON INTERSECTION 

29  Total  accident  rate  (Accidents  per  100  mill. ion  vehicle  miles) 

30  Accident  cost  (Dollars  lost  in  injury  and  property  damage) 

31  Injury  accidents  (Injury  accidents  per  100  MVM) 

32  Property  damage  only  accidents  (PDO  accidents  per  100  MVM) 

33  Type  II  accidents  (Accidents  per  100  MVM) 
3h  Type  III  accidents  (Accidents  per  100  MVM) 

35  Type  IV  accidents  (Accidents  per  100  MVM) 

36  Northwest  bound  vehicle  accidents  (Vehicles  in  accidents  per  100  MVM) 

37  Southeast  bound  vehicle  accidents  (Vehicles  in  accidents  per  100  MVM) 

38  Accidents  with  hourly  volumes  less  than  600  vph  (Accidents  per 
100  MVM) 

39  Accidents  with  hourly  volumes  between  600-800  vph  (Accidents  per 
100  MVM) 

bO  Accidents  with  hourly  volumes  between  800-1000  vph  (Accidents  per 

100  MVM) 

hi  Accidents  with  hourly  volumes  between  1000-1200  vph  (Accidents  per 

100  MVM) 

hZ  Accidents  with  hourly  volumes  between  1200-liiOO  vph  (Accidents  per 

100  MVM) 

i»3     Accidents  with  hourly  volumes  between  ll|00-l600  vph  (Accidents  per 
100  MVM) 

Wx  Accidents  with  hourly  volumes  between  l6OO-l8O0  vph  (Accidents  per 

100  MVM) 

h$  Accidents  with  hourly  volumes  greater  than  l800  vph  (Accidents  per 

100  MVM) 

I16  Day  accidents  (Accidents  per  100  MVM) 

hi  Night  accidents  (Accidents  per  100  MVM) 

1*8  Weekend  accidents  (Accidents  per  100  MVM) 

U9  Weekday  accidents  (Accidents  per  100  MVM) 

50  TiDpecanoe  county  veldcle  accidents  (Vehicles  in  accidents  per 
100  MVM) 

51  Non- Tippecanoe  county  vehicle  accidents  (Vehicles  in  accidents  per 
100  MVM) 

52  Clear  weather  accidents  (Accidents  per  100  MVM) 

53  Rainy  or  snowy  westher  accidents  (Accidents  per  100  MVM) 

514     Passenger  car  accidents  (Vehicles  in  accidents  per  100  MVM) 
55     Truck  accidents  (Vehicles  in  accidents  per  100  MVM) 
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TABLE  11 
COEFFICIENTS  FOR  MULTIPLE  LINEAR  REGRESSION  EQUATIONS 
-  NONINTERACTIONS 
Dependent  Variables 

29  30  31  32  '    33 

Constant        -876.300        17293.  hOO        -269. UO        -29U.020        -13U.070 


x3  15-678  *  5.561  7. 9514 

%  2.52U 

X  -  13li.080 

\2  15-695  18.033 

»    X^  1.319  0.99U 

S    X^  -  13.979  1559.800 

£    X19  20.307  7.356  8.696 


I  X20  "  h'*26 

I  X^  1.326  0.013 

S  X2,  262.700 

X25  -     0.133  -    0.067  -     0.072 

X26  0.010  0.002 

-     0.106         -     0.231         -     0.207 


*28 

X^6  -  293.170 


0.57L  0.5U8  0.557  0.1*96  0.623 


*  The  coefficient  underlined  represents  the  variable  that  is  the  most 
significant  in  the  regression  equation. 
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TABLE  11  (Continued) 


Dependent  Variables 

Constant 

3U 
-25o.  UiO 

35 

-808.600 

36 
-3029.600 

37 
-U467.UOO 

38 
-1135.520 

V 

2.929 

17.710 

h 

11.630 

*9 

h2 

-    7.96U 

108.900 

-    ia. 290 

1    he 

50U-600 

217.580 

177 . 380 

I  h? 

5.082 

6I1.IOO 

1    ho 

-      O.I1I6 

-      0.155 

|    X21 

0.007 

0.113 

S     hh 

6.772 

12.317 

Ui.519 

25.  UO 

35-018 

h$ 

-     0.03h 

0.021 

-       0.282 

he 

-     0.005 

0.005 

0.061 

*28 

-     0.071 

-       2.127 

-       0.526 

%6 

-     2.680 

0.56k  0.528  0.613  0.602  0.h71 


E» 


hs 
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TABLE  11  (Continued) 


X^  -  0.119  -     0.108  -  0.657 


-  0.190  -     0.226 


X28  "  °'663  '     °'390  '     °*^9  "  1'019 
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Dependent 

Variables 

Constant 

39 

h07.l60 

liO 

-862.990 

hi 
-770.300 

U2 

U67.510 

U3 

-8267.700 

h 

10.550 

3U.760 

1.187 

38.800 

-     86.810 

H 

-  10.5U0 

-28.830 

87.11*6 

h 

-11.880 

\l 

17-321* 

53.2U0 

£    *!$ 

$.1*20 

«   x^  170.580  220.280         353. U50 

£   x19  26.670  1U5.770 


I   x„  o.o5h  0.130  0.083 

I    I2U  -39.170 


-  18.387  29.3U0 

O.U78  0.56U  0.1Ji8  0.568  0.698 


# 
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TABLE  11  (Continued) 


Dependent  Variables 


Uh  U5  2*6  U7  U8 

Constant      -3987.200  -   -1*318.000       -ll^-UOO       -1613.000       -653-100 


X  -     1*0.350  15.370  U-U33  26.857 

X6  52.6UO  1*1*. 720 

X9 

X^  6.270  22.551* 

Xjt  -     15-570  2.870  2.U*7 

X^  312.090  169.190 

3^-  73.620  28.560  6.396 

I     X2Q  0.393  -       0.137 


X21  0-09U  0.030 


S    x„.  23.070  17.930 

X^  -       0.608                               -       0.11*1*  -     0.195 

X26  0.091               0.068                                        0.007 

X  g  -       0.1*65       -       0.150  -     0.628 


89.1*23 
0.51*0  0.U10  0.588  0.1*1*6  0.627 
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TABLE  11   (Continued) 


Dependent 

Variables 

Constant 

U9 
-1938.500 

50 
-28U0.930 

51 
-1308.700 

52 
-565. U80 

53 

58876.100 

b 

33.160 

27.872 

U80.280 

h 

v 

6.1U3 

5.725 

X9 
\2 

26.lii7 

8.250 

i  x. 

3.572 

10.U76 

1.073 

76.2U3 

55.31*7 

198U.250 

>  x^ 

25.186 

87.111 

27.702 

11.71*0 

830.990 

1  X2° 

-        0.111 

-      0.276 

gX21 

0.036 

S   X22, 

16.9U3 

508.720 

X25 

O.06I4 

-      0.291 

0.223 

-     0.076 

-      1*.!*1*6 

X26 

0.032 

0.007 

X28 

-  0.208 

-  16.269 

-  0.388 

-  30.770 

-     0.212 

-       9.095 

0.602  0.60U  0.538  0.551  0.537 


58 


CO 


> 


TABLE  11  (Continued) 


Dependent  Variables 


SI  55 

Constant  -1560.230  -1325.000 


x3  35.798 

X6 

\2  16.578 

*15 

^q  285.750 

\9  32.651  37.520 


*20  -       0.2lt9 


x2^  -     0.305 

X26  0.039  0.025 

x28  '   1-138 

r  0.587  0.U5 
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VARIABLE 

MEANS     AND 

STANDARD      DEVIATIONS- 

-NONINTERSECTIONS 

VARIAELE 

MEAN                     STAr\DARD    DEVIATION 

1 

9.01369 

12.12202 

2 

7.777  78 

9.59492 

3 

16.79167 

17.30663 

4 

12.652  .8 

15.1138C 

5 

10.9027H 

13.65692 

6 

23.55556 

23.18443 

7 

8. 500  CO 

2.74247 

8 

10.54167 

5.2C817 

9 

19.04167 

6.58C89 

10 

1.5831-3 

3.97439 

11 

O.875C0 

3.6461C 

12 

2.58333 

5.0923C 

13 

2.29167 

0.68046 

14 

0.533  1-3 

1.21667 

15 

39.291 67 

41.9300C 

16 

1.23417 

1.24759 

17 

0.43G56 

0.60109 

18 

1 .083  13 

0.57531 

19 

43.54167 

3.79004 

20 

1040.95823 

716.25143 

21 

15566. 875CC 

2830.C661C 

22 

545. 15277 

835.99813 

23 

512.91666 

1153.96111 

24 

41.629  ]6 

5.56079 

25 

927.02777 

1058.66983 

26 

9591 .291 63 

5699.40509 

27 

6.500C0 

3.4762e 

28 

138.22222 

229.CC753 

29 

278.500CC 

279.26157 

30 

3332.58321 

3992.32022 

31 

108.236  11 

195.39869 

32 

171.93056 

162.79471 

33 

146.69444 

229.43888 

34 

38.54167 

76.68848 

35 

15  .44444 

122.52344 

36 

677.01369 

897.60001 

37 

459.76369 

569.65847 

38 

280.  19444 

450.67982 

39 

195.625C0 

375. 50904 

40 

248.51369 

450. 19886 

41 

282.38869 

641.74617 

42 

391.625C0 

910. 56309 

43 

482.59722 

1407.81519 

44 

446.29166 

1653.64517 

45 

246.40278 

1195.55408 

. 

46 

313.72222 

331.65855 

" 

*7 

48 

226.875C0 
431.361  11 

259.56738 
514.84139 

49 

206.76369 

214.61418 

50 

747.73611 

858.56983 

51 

466.500C0 

529.91608 

52 

C  1 

168.68056 
6315.125C0 

181.68969 
9259.86035 

* 

oi 

r 

« 

54 

555.500C0 

601.28410 

55 
56 

483.  194*4 
18.191 *3 

645.83214 
6.23739 

6< 


the  practical  capacity  (Z^q),   the  ADT  (X_,  ),   the  operating  speed  (JL, )  and 
a  measure  of  congestion   (X^,,). 

Injury  accident  rates   (Y~,  )  were  influenced  most  by  commercial 
development  (X    and  X  ^),  low  volume  intersections  per  mile  (X^)  and  the 
length  of  turning  lanes  in  the  section  (£>o). 

The  property-damage-only  accident  rates   (Y,-)  were  affected  by  the 
percent  no-passing  zones  (X,,-)  and  the  distance  from  the  extremities  of 
the  by-pass  (X?/-)  in  addition  to  the  number  of  driveways  per  mile   (X..) 
and  the  length  of  turning  lanes  in  the  section  (X-q). 

Type  II  accident  rate3   (Y,-)  were  influenced  most  by  commercial 
development   (X-  and  X?c-),   the  ADT  (X  ,  ),   the  number  of  low  volume  inter- 
sections per  mile  (X,?)  and  the  length  of  turning  lanes  in  the  section 

(x28). 

The  most  significant  variable  in  predicting  Type  III  (Y^,  )  and  Type 
IV  (Y,,-)  accident  rates  was  the  operating  speed  (X_.  ).  Commercial  develop- 
ment was  also  significant  for  each  of  these  two  rates. 

Independent  variables  that  appear  in  the  regression  equations  for 
both  northwest  bound  (T.J  and  southeast  bound  (Y^7)  traffic  are  low  volume 
intersections  per  mile  (X,?),  number  of  intersections  adjacent  to  the  sec- 
tion (X,q)  and  the  operating  speed  (X.,  ).  Other  variables  affecting 
southeast  bound  vehicles  were  commercial  development  (X..,  X,,  and  X  c,), 
geometric  modulus  (X1Q)  and  the  distance  from  the  extremities  of  the 
by-pass  (X_x)  while  those  affecting  northwest  bound  vehicles  were  practical 
capacity  (X~n),  the  ADT  (X  _  )  and  the  length  of  the  turning  lanes  in  the 
section  (X2q). 
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Accident  rates  during  hours  having  volumes  greater  than  600  vph  were 
always  affected  by  commercial  development   (either  X  ,   X,,  or  X.-)  while 
the  ADT  (Xp,  )  was  also  a  significant  variable  for  hours  with  volumes 
greater  than  1000  vph.     The  number  of  intersections  adjacent  to  the  sec- 
tion (X,g)  and  the  length  of  turning  lanes  in  the  section  (X„o)  were  other 
significant  variables  for  hours  with  volumes  less  than  lUOO  vph.     Farther, 
the  measure  of  congestion  (X,-,)  was  significant  for  hours  with  volumes 
between  lhOO  -  1800  vph. 

Operating  speed   (X^.  )  was  always  a  significant  night  accident  rate 
(Y.  7)  variable  while  practical  capacity  was  significant  for  day  accident 
rates  (Yi/-). 

Weekday  accident  rates  (Y.g)  were  affected  by  practical  capacity 
(X?Q),   the  ADT  (X?,  )  and  the  measure  of  congestion   (X^-r)  while  weekend 
accident  rates   (Y.q)  were  influenced  by  the  number  of  establishments  per 
mile  (X..)  and  the  number  of  low  volume  intersections  per  mile   (X,?). 

The  percentage  of  no-passing  zones   (X,,-),   practical  capacity  (X?n) 
and  a  measure  of  congestion  (X^,-)  were  significant  independent  variables 
for  predicting  Tippecanoe  County  driver  involvement  rates   (Y^0).     Both 
county  and  out-of-county  driver  (Y-,  )  involvement  rates  were  affected  by 
commercial  development  (X..  and  X-^).     Out-of-county  driver  involvement 
rate  was  affected  by  the  distance  from  the  extremities  of  the  by-pass 

(X26>' 

Clear  (Y^)  and  inclement  weather  (Y^)  accident,  rates  were  influenced 

by  nearly  the  same  variables,  however,  the  operating  speed  was  significant 

in  rainy  and  snowy  weather  accidents  but  not  in  clear  weather  accidents. 

Although  commercial  development  (X  and  X  -)  influenced  passenger 

car  (Y-. )  accident  rate3,  these  variables  were  not  significant  in  truck 
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accident  rates  (Y^).  Practical  capacity  was  a  significant  variable  in 
predicting  truck  accident  rates. 

The  variable  that  was  the  most  significant  in  each  nonintersectlon 
multiple  linear  regression  equation  is  underlined  in  Table  11.  The  vari- 
able that  is  underlined  most  frequently  is  the  number  of  establishments 
per  mile  (X~). 

Quality  Control 

Quality  control  analysis  of  highway  accidents  has  been  used  in  several 
studies.  (Norden,  Orlansky,  and  Jacobs,  1956  and  HLlndauer,  1958).  The 
method  is  useful  in  determining  sections  of  highway  that  have  a  much  higher 
accident  rate  than  that  due  to  chance  alone. 

In  applying  the  quality  control  method  of  analysis  to  highway  acci- 
dent data,  the  foil. owing  expressions  were  used: 

n.  =  (ADT)(365)(10  )  for  intersections 

n.  =  (ADT)(365)(L)(10~  )  for  nonintersectlon  sections 

ai 
pi  =  n7 

2a. 
p  =  Zn^ 


s 


i  /  P  (1-P)  °r  JL 
I       ni      J  ni 


CLi  =  p  -  3s 
1       s± 


where 


i  -  The  number  of  the  section  considered 

n,  -  The  number  of  million  vehicles  passing  through  an 
intersection  or  the  number  of  million  vehicle  miles 
in  a  section 


68 


a.  =  The  number  of  accidents  per  year  in  a  section 

p  *»  The  over-all  accident  rate  for  a  particular  group  of 
intersections  or  sections, 

s,  =  The  estimate  of  the  standard  deviation  for  an  inter- 
section or  section, 

GL.  =  The  upper  or  lower  control  limit  for  p.  on  any  inter- 
section or  section, 

L  ■  Length  of  section  in  miles, 

ADT  =  Annual  average  daily  traffic  volume. 

The  expression  for  (1-p)  was  eliminated  from  the  expression  for  s. 
since  (1-p)  very  nearly  approaches  unity. 

The  by-pass  sections  were  divided  into  three  classifications: 
signalized  intersections,  nonsignalized  intersections,  and  nonintersection 
sections.  For  each  of  these  groups  an  average  accident  rate,  p,  was 
calculated  for  the  three  year  period.  For  each  section  p.,  n.,  a.,  s. , 
UCL. ,  and  LCL.  were  calculated  and  plotted.  In  this  manner  any  section 
that  was  out  of  control  was  detected  by  visual  inspection  of  the  control 
chart.  A  section  out  of  control  was  one  in  which  the  accident  rate  was 
above  or  below  a  control  limit.  When  a  section  fell  out  of  the  confidence 
bands,  it  was  assumed  that  there  was  an  assignable  cause  that  explained 
the  high  accident  rate. 

Intersections 

Figures  16,  17  and  18  are  quality  control  charts  for  accident  rates 
at  signalized  intersections  in  1961,  1962  and  1963  respectively.  Inter- 
sections 3,  13  and  1U  were  not  signalized  in  1961  and  1962. 

Intersection  number  lU,  Teal  Road,  was  the  only  signalized  intersec- 
tion to  be  out  of  control.  Intersection  number  8,  Greenbush,  had  a  low 
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FIGURE    16       QUALITY     CONTROL    CHART    FOR     SIGNALIZED 
INTERSECTIONS,  1961. 
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FIGURE    17        QUALITY      CONTROL     CHART     FOR     SIGNALIZED 
INTERSECTIONS,  1962. 
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FIGURE    18         QUALITY      CONTROL     CHART     FOR     SIGNALIZED 
INTERSECTIONS,  1963. 
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accident  rate  the  first  two  years  but  in  1963  the  rate  was  very  near  the 
upper  control  limit.     In  1962  Union  Street,  number  9,  nearly  fell  below 
the  lower  control  limit. 

Collision-condition  diagrams  and  field  observations  proved  to  be  very 
useful  in  determining  the  assignable  causes  for  the  intersection  that  was 
out  of  control,   Teal  Road,  and  for  determining  causes  for  the  large  fluctua- 
tions in  accident  rates  between  years  for  Greenbush  and  Union  Streets. 
These  results  are  reported  later  in  the  section  on  collision-condition 
diagrams. 

Figures  19,  20  and  21  are  quality  control  charts  for  accident  rates 
at  nonsignalized  intersections.     The  lower  control  limit  is  zero  for  many 
of  these  sections.      Intersections  3>  13  and  lU  were  signalized  in  1963  and 
therefore  were  not  used  in  this  analysis  for  that  year. 

Intersection  1U,   Teal  Road,  was  just  outside  the  upper  control  limit 
in  1961  and  was  also  out  of  control  in  1962. 

Intersections  2,   7,  11  and  12  had  accident  rates  below  average  for 
three  consecutive  years. 

Intersections  13  and  lli  were  consistently  above  the  nonsignalized 
intersection  average  accident  rate  prior  to  the  installation  of  traffic 
signals  and  were  above  the  signalized  intersection  average  accident  rate 
after  the  signals  were  installed. 

These  intersections  were  also  analyzed  further  by  use  of  collision- 
condition  diagrams  and  field  observations.  These  results  are  given  in  a 
later  section  on  collision-condition  diagrams. 
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Nonintersections 

Figures  22  through  27  are  quality  control  charts  for  accident  rate3 
of  nonintersection  study  sections.  Hie  lower  limit  is  zero  for  all  sections. 
The  length  of  each  section  is  represented  to  a  scale  on  the  abscissa  of 
one  inch  equals  three  thousand  feet  in  these  figures. 

Section  k   in  1961  and  1962  was  out  of  control  but  in  1963  had  no 
accidents.  Sections  18  and  19  were  out  of  control  in  1963.  For  the  three 
year  study  period  the  following  sections  were  either  consistantly  below 
or  consistantly  above  the  average  accident  rate. 

Always  Below  Average         Always  Above  Average 

2  1U 

5  17 

6  18 
8  19 

10  21 

16 

20 

21* 

The  characteristics  of  each  section  were  studied  by  field  observations 
to  determine  the  assignable  causes  for  the  sections  with  accident  rates 
above  average,  below  average,   and  out  of  control.     Collision  diagrams 
provided  a  significant  part  of  this  analysis.     These  results  are  given  in 
the  section  on  collision  diagrams. 

Accident  itoU  r. 

Intersections 
Many  different  accident  rates  have  been  used  in  previous  studies  to 
represent  the  hazardou3ner»s  of  an  intersection  or  section  of  highway.      In 
this  study  many  of  these  accident  rates  were  computed  and  evaluated. 
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The  purpose  of  this  analysis  and  evaluation  was  to  determine  the  rate 
or  rates  that  would  indicate  best  the  intersections  or  sections  that  were 
the  most  or  least  hazardous  and  to  establish  a  priority  list  for  traffic 
engineering  improvements. 

Accident  rates  for  intersections  are  analyzed  and  evaluated  below. 

1.  Number  of  accidents  -  This  method,   the  most  simple  of  the  accident 
hazard  ratings,  was  a  comparison  of  the  number  of  accidents  at 
different  locations.     This  is  illust rated  by  an  accident  spot  map 
for  the  U.   S.  £2  Ey-Pass  for  1963  in  Figure  28. 

Although  the  spot  map  does  give  an  indication  of  the  number 
of  accidents  at  any  given  location,  it  does  not  include  fully  the 
number  of  vehicles  using  the  intersection.  Therefore,  it  should 
be  restricted  to  use  in  comparing  intersections  of  approximately 
equal  volumes.  "To  compare  hazard,  accident  comparisons  must  be 
based  on  exposure."     (7  ). 

Table  lli  shows  the  ranking  of  the  by-pass  intersections  by 
number  of  accidents.      The  most  hazardous  is  listed  first. 

2.  Accident  rate  -  Since  the  number  of  accidents  per  million  vehicles 
was  highly  correlated  with  intersection  ADT  (correlation  coeffi- 
cient of  0.610),   volume  was  used  as  an  exposure  index  in  order 

to  provide  a  more  realistic  basis  for  comparing  different  inter- 
sections.    This  rate  was  computed  in  the  following  manner: 

.  Number  of  accidents  per  Year  

Accident   rate  ■   Huinber  0f  vehicles  going  througFTHe 

intersection  per  year  from  all  approaches. 
Accident  rates  for  intersections  are  expressed  as  the  numbe:-  of 
accidents  per  one  million  vehicles.    (See  Figure  29). 
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INTERSECTIONS 

©  US.  52     -     NORTHWESTERN   AVE. 

©  YEAGER    ROAD 

©  SALISBURY   ST    -   COUNTY    FARM  ROAD 

@  HAPPY    HOLLOW    -   SOLDIERS   HOME  ROAD 

©  NINTH    STREET   CUTOFF 

(6)  SCHUYLER    AVE    -     STATE  ROAD   25  N. 

©  UNDERWOOD    ST 

©  GREENBUSH    ST. 

©  UNION    ST 

©  SOUTH    ST.    -    STATE    ROAD    26 

©  KOSSUTH    ST 

©  McCARTY    LANE 

©  MAIN    ST   -    STATE   ROAD    38 

TEAL  ROAD   -  US  231    -    STATE   ROAD   2 


JS© 


■lb 


TYPE    OF   ACCIDENT 

•  PROPERTY    DAMAGE 
O  INJURY 
®  FATAL 


FIGURE  28     1963   ACCIDENT    SPOT    MAP    FOR    THE    U  S    52    BY- PASS. 
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RANKING  OF  INTERSECTIONS  BY  ANNUAL  NUMBER  OF  ACCIDENTS 
AND  ANNUAL  NUMBER  OF  ACCIDENTS  PER  MILLION  VEHICLES. 


No.  of 

Accident 

Rank 

Intersection 

Accidents 

Intersection 

Rate 

1 

Teal  Road 

27,.  3 

Teal  Road 

3.33 

2 

State  Road  26 

27.0 

State  Road  26 

2.85 

3 

Union 

20.3 

State   Road  25 

2.59 

li 

State  Road  38 

20.3 

Greenbush 

2.U7 

5 

State  Road  25 

20.0 

Union 

2.39 

6 

Greenbuah 

18.0 

State  Road  38 

2.36 

7 

Happy  follow 

10.3 

Northwestern 

1.73 

8 

Northwestern 

8.7 

Happy   Hollow 

1.69 

9 

Ninth  St.     Cutoff 

8.3 

Ninth  St.     Cutoff 

1.53 

10 

Salisbury 

8.0 

Salisbury 

1.38 

11 

McCarty 

5-3 

McCarty 

.78 

12 

Kossuth 

5-o 

Underwood 

.73 

13 

Underwood 

li.7 

Kossuth 

.73 

U 

Yeager 

1.7 

Yeager 

.33 
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YEAGER    ROAD 

SALISBURY    ST    -    COUNTY    FARM  ROAD 

HAPPr    HOLLOW    -    SOLDIERS   HOME  ROAD 

NINTH    STREET    CUTOFF 

SCHUYLER     AVE."      STATE   ROAD   25   N 

UNDERWOOD    ST 

GREENBUSH    ST 

UNION    ST 

SOUTH    ST     -     STATE    ROAD    26 

KOSSUTH    ST 

McCARTY    LANE 

MAIN    ST    -    STATE   ROAD    38 

TEAL  ROAD   -  US  231    -    STATE   ROAD   25   S. 

ACCIDENTS   PER    MILLION    VEHICLES 
3  00 


H200 


247 


2  39 


2  85 


2  36 


3  33 


FIGURE   29        AVERAGE     ANNUAL    INTERSECTION       ACCIDENT 
RATE     FOR    1961,1962    AND  1963 
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This  method,  the  most  frequently  used,  includes  a  measure 
of  exposure.  It  also  indirectly  expresses  a  measure  of  the 
severity  of  accidents  since  the  number  of  accidents  per  million 
vehicles  (MV)  and  the  number  of  injury  accidents  per  MV  are 
highly  correlated.   (Correlation  coefficient  is  0.800).  Acci- 
dents per  MV  are  also  intercorrelated  with  the  cost  of  accidents. 
(Correlation  coefficient  is  0.881). 

Therefore  accidents  per  KV  is  a  measure  of  exposure,  a 
measure  of  severity,  and  a  measure  of  the  total  cost  of  accidents. 


Accidents 

per  MV 

Cost 

Inj.   Ace. 
per  MV 

Accidents 

per  MV 

1.000 

0.881 

0.800 

Cost 

0.881 

1.000 

0.917 

Inj.   Ace. 
per  MV 

0.800 

0.917 

1.000 

The  accidents  per  MV  and  the  relative  rankings  of  the 
intersections  by  this  method  are  also  shown  in  Table  lit. 
3.  Square  Theory  of  Exposure  -  The  following  relationship  has  been 
used  as  an  alternate  accident  rate: 

12 

Number  of  Accidents  per  year  (10  ) 

Accident  rate  =  (Nuinber  of  vehicles  going  through  the  inter- 
section  per  year  from  all  approaches )2 

It  was  found  (see  Figure  30)  that  accidents  per  million 

vehicles  was  correlated  with  ADT  squared  (correlation  coefficient 

of  O.63I1).  This  was  nearly  the  same  as  the  correlation  coefficient 

of  accidents  per  million  vehicles  with  ADT  (0.610). 
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The  relative  rankings  of  intersections  for  this  method  are 
shown  in  Table  V? . 
h*     Measure  of  Hazard  -  Another  method  of  comparing  intersections 
was  presented  by  Earl  C.  Williams  (21).  Although  accidents  per 
million  vehicles  is  the  most  commonly  used  accident  rate  for 
intersections,  it  does  not  consider  the  capacity  of  intersections. 
Because  capacity  is  a  function  of  roadway  width  and  volume  these 
factors  were  considered  by  Mr.  Williams  as  suitable  measures  of 
the  capacity  factor. 

In  general,  for  a  given  amount  of  volume,  the  wider  the 
pavement  the  fewer  the  accidents  expected.  For  two  facilities 
of  equal  width,  the  greater  the  volume,  the  greater  the  number 
of  accidents  expected.  Finally  for  two  facilities  of  equal 
width  and  equal  volumes,  the  facility  having  more  accidents  would 
be  the  more  hazardous  facility. 

Williams  abandoned  the  idea  of  using  the  total  entering 
volume  for  all  approaches.  He  concurred  with  McDonald  (lli)  who 
stated,  "No  relationship  exists  between  accidents  and  the  sum  of 
the  major  road  and  minor  road  volume."  (This  study  indicated 
that  the  simple  correlation  coefficient  between  the  number  of 
accidents  per  MV  and  the  sum  of  the  by-pass  and  cross  street 
volumes  was  0.610.) 

These  considerations  led  Williams  to  the  following  expi-es- 
sion  for  a  measure  of  hazard. 


Wl   W2        Wn 
1   Vl   V2        n 
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TABLE  15 

RANKING  OF  INTERSECTIONS  BY  THE  SQUARE  THEORY  OF 
EXPOSURE  AND  A  MEASURE  OF  HAZARD 


Square  theory  of 

Exposure 

Measure  of  Hazard 

Rank 

Intersection 

Accidents 
per  (M7)2 

Index  of 
Intersection                     Hazard 

1 

Teal   Road 

•  U33 

Teal  Road                           13,515 

2 

Greenbush 

.359 

State  Road  38                   11,185 

3 

State  Road  25 

•  352 

Salisbury                           10,91)0 

li 

Northwestern 

.317 

Happy     Hollow                     8,932 

5 

State  Road  26 

.321 

Yeager                                   5,926 

6 

Union 

.298 

State  Road  26                     5,313 

7 

State   Fbad  38 

.291 

State  Road  25                     5,2?U 

8 

Happy  Hollow 

.289 

Union                                   k,?87 

9 

Salisbury 

.289 

Greenbush                             1,270 

10 

Ninth  St.     Cutoff 

.257 

Underwood                                  562 

11 

McCarty 

.121 

Ninth  St.     Cutoff                 557 

12 

Underwood 

.120 

Northwestern                           h35 

13 

Kossuth 

.112 

McCarty                                     39li 

Ik 

Yeager 

.071 

Kossuth                                     2ii3 
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Where 

H,  =  Measure  of  Intersection  Hazard 

n  =  Total  number  of  approaches  to  the  intersection 

W  =  Pavement  width  available  for  entering  traffic 
on  approach  "one"  of  the  intersections 

Wp  =  Pavement  width  available  for  entering  traffic 
on  approach  "two"  of  the  intersection 

W  -=  Pavement  width  available  for  entering  traffic 
on  approach  "n"  of  the  intersection 

V,  »  Volume  (ADT)  entering  intersection  on  approach 
x   "one" 

V?  =  Volume  (A.DT)  entering  intersection  on  approach 
*       "two" 

V  =  Volume  (ADT)  entering  intersection  on  approach 
n   "lin 

A_  =  Annual  Total  of  accidents  for  the  intersection 
The  rankings  of  the  intersections  by  this  method  are  shown  in 
Table  15 . 

Cost  of  Accidents  -  This  method  consisted  of  comparing  the  three 
year  total  cost  of  property  damage  and  injuries  for  each  inter- 
section. The  property  damage  estimates  were  obtained  from  the 
accident  reports.  Personal  injuries  were  conservatively  estimated 
at  $660  each  ( 2  ).  Ten  fatalities  occurred  during  the  three  year 
study  period  but  were  not  included  in  this  particular  analysis 
because  of  the  relatively  rare  occurrence  and  high  value  of 
deaths.  Only  property  damage  and  personal  injury  costs  were 
considered  in  this  analysis. 

Although  this  method  includes  a  severity  factor,  it  is  not 
based  on  an  exposure  rate. 
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Table  16  shows  the  rankings  by  this  method. 

6.  Cost  of  Accidents  (Rate)  -  Cost  of  accidents  per  million  vehicles 
was  another  rate  used.   It  provides  a  measure  of  the  severity  of 
accidents  at  an  intersection,  is  based  on  an  exposure  rate  and 
estimates  the  economic  loss  due  to  traffic  accidents.  This  method 
could  be  useful  in  determining  the  priority  of  intersection  ' 
improvements. 

The  rankings  are  shown  in  Table  16  for  this  method. 

7.  Cost  of  Accidents  (Hazard)  -  In  the  expression  presented  by 
Williams  total  costs  of  property  damage  and  of  personal  injuries 
were  substituted  for  the  number  of  accidents. 

Comparing  this  method  with  the  measure  of  hazard  rating 
(accident  rate  number  h),   the  first  (Teal  Jtoad),  last  (Kossuth) 
and  two  others  (Greenbush  and  Underwood)  stayed  the  same  while 
the  others  changed  relative  positions.  (See  Table  16). 

8.  Injuries  per  intersection  -  The  number  of  injuries  in  an  accident 
depends  upon  the  number  of  persons  in  the  vehicles  as  well  as  the 
type  of  accident  and  does  not  include  the  exposure  characteristic 
at  the  intersection. 

9.  Injury  rate  -  The  number  of  injuries  per  million  vehicles  includes 
an  index  of  exposure. 

10.  Injury  accidents  per  intersection  -  This  method,  similar  to  acci- 
dents per  intersection,  does  not  include  an  exposure  index  but 
does  eliminate  the  change  factor  or  number  of  persons  in  the 
vehicles. 
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11.  Injury  accident  rate  -  Ihis  rate,  injury  accidents  per  million 
vehicles,  includes  an  exposure  index  and  provides  an  estimate  of 
the  severity  of  accidents  at  an  intersection.  These  ratings  are 
shown  in  Table  17. 
In  comparing  the  rankings  of  the  intersections  by  the  number  of  acci- 
dents, the  number  of  accidents  per  million  vehicles  and  the  number  of 
accidents  per  million  vehicles  squared,  the  intersections  numbered  6 
(S.  R.  25),  10  (S.  R.  26)  and  lit  (Teal  Itoad)  were  consistantly  in  the  top 
five  most  hazardous.  In  the  measure  of  hazard  method  of  these  three  inter- 
sections only  Teal  Road  was  ranked  in  the  top  five. 

In  the  first  three  methods,  intersections  2  (Teager),  7  (Underwood), 
and  11  (Kossuth)  and  12  (.McCarty)  were  consistently  in  the  bottom  five  in 
the  list  of  intersections.  The  measure  of  hazard  method  included  three  of 
these  (7,  11  and  12)  consi stently  in  the  lower  five  in  its  ranking  of  the 
intersections. 

The  three  methods  expressing  the  costs  of  accidents  at  intersections 
are  shown  in  Table  16  .  In  the  first  two  methods  the  top  six  are  the  same 
intersections  with  very  little  variation  and  the  last  five  are  nearly  the 
same.  The  cost  index  of  hazard  has  three  of  the  top  six  the  same  as  the 
other  two  methods  and  four  of  the  bottom  five  the  same  as  the  other  two 
methods. 

Four  methods  were  used  to  rate  injury  accidents  as  shown  in  Table  17 • 
Intersections  6,  8  and  lU  were  consistently  among  the  five  most  hazardous 
and  intersections  2,  5,  7  and  11  were  among  the  five  safest  intersections. 
Intersections  5,  7  and  11  are  non signalised  three- approach  intersections. 
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TABLE  I? 
RANKING  OF  INTERSECTIONS  BT  INJURY  ACCIDEN 


rs 


Rank 

Intersection 

Injuries  per 
Intersection 

Intersection 

Injuries  per 
Million  Vehicles 

1 

Teal   Road 

15-33 

Teal  Road 

1.99 

2 

State  Road  25 

7.33 

Northwestern 

1.3u 

3 

Greenbush 

7.00 

Greenbush 

1.02 

h 

Northwestern 

6.67 

State   Road  25 

1.00 

5 

Union 

5.67 

Salisbury 

0.87 

6 

State  Road  26 

5.00 

Happy  Hollow 

0.7U 

7 

Salisbury 

U.67 

Union 

0.71 

8 

State  Road  38 

U.67 

State  Road  38 

0.58 

9 

Happy  Hollow 

h.33 

State  Road  26 

0.56 

10 

Underwood 

2.67 

Ninth  St.     Cutoff 

o.Ui 

U 

Ninth  St.     Cutoff 

2.33 

Underwood 

0.W1 

12 

McCarty 

2.00 

McCarty 

0.31 

13 

Kossuth 

1.67 

Kossuth 

0.26 

111 

Yeager 

0.00 

Yeager 

0.00 

Rank 

Injury  Ace.  per 
Intersection               Intersection 

Intersection 

Injury  Ace.   per 
Million  Vehicles 

1 

Teal  Road 

8.33 

Teal  Road 

1.08 

2 

Greenbush 

5.00 

Greenbush 

0.73 

3 

Union 

li.67 

Northwestern 

0.67 

li 

State  Road  25 

U.33 

State   Road  25 

0.59 

5 

State   Road  26 

3.67 

Salisbury 

0.50 

6 

State  Road  38 

3.33 

State  Road  26 

o.ia 

7 

Northwestern 

3.33 

McCarty 

0.U1 

8 

Salisbury 

2.67 

State    *ad  38 

o.a 

9 

McCarty 

2.67 

Happy  Hollow 

0.J40 

10 

Happy  Hollow 

2.33 

Union 

0.33 

11 

Ninth  St.      Cutoff 

1.33 

Ninth  st.     Cutoff 

0.25 

12 

Underwood 

1.33 

Underwood 

0.22 

13 

Kossuth 

1.00 

Kossuth 

0.15 

111 

Yeager 

0.00 

Yeager 

0.00 

9? 


The  intersections  most  often  ranked  by  exposure,   cost  and  severity- 
measures  as  the  most  hazardous  were  Hi  (Teal  Road),   10   (S.   R.   26),  6 
(S.  R.  2S>)  and  8  (Greenbush)  in  decreasing  order  of  hazard. 

All  methods  listed  Teal  Road  as  the  most  dangerous  intersection  on 
the  by-pass. 

Those  intersections  most  frequently  ranked  by  exposure,   cost  and 
severity  measures  as  the  safest  intersections  were  2  (Yeager),  11   (Kossuth), 
7~  (Underwood),  12   (McCarty)  and  £   (Ninth  Street  Cutoff)  in  increasing  order 
of  hazard.     Nine  of  the  11  methods  listed  2   (Yeager)  as  the  safest  inter- 
section on  the  by-pass. 

The  accident  rate  which  includes  a  consideration  of  exposure  and 
which  is  highly  correlated  with  the  severity  and  cost  of  accidents  on 
the  by-pass  is  the  number  of  accidents  per  million  vehicles.     This  rate 
was  used  in  comparing  intersections  in  the  other  parts  of  this  study. 

Nonintersection 
Twelve  different  accident  rates  were  used   to  compare  sections  of 
highways  in  this  study.     One  method,   however,  was  desired  for  detailed 
comparison  of  the  sections  of  highway.      Since  the  A.DT  volumes  ranged  from 
10,300  to  21,U00  vehicles  per  day  and  the  section  lengths  varied  from  300 
to  3,060  feet,   it  was  necessary  to  choose  the  method  that  minimized  these 
variable  conditions.     The  accident  rates  computed  were: 

1.     Number  of  accidents  -  This  method  is  illustrated  by  the  chart 
in  Table  18  and  by  the  accident  spot  map  in  Figure   28.     The 
method  does  not  fully  consider  exposure,   but  give3  the  numl>er 
of  accidents  on  a  given  length  of  a  highway. 
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TABLE  18 

RANKING  OF  SECTIONS  BY  AVERAGE  ANNUAL  NUMBER  OF  ACCIDENTS 
AND  SEVERAL  MEASURES  OF  EXPOSURE 


Sect. 

No.  of 
Ace. 

0©C  v  « 

Ace. 
RUe 

Sect. 

Ace. 

oCCX  t 

Ace. 

Rank 

10,000  veh. 

,   MVM 

1 

18 

15.0 

19 

1*9.9 

18 

B.ys 

h 

9.30 

2 

19 

13.3 

21 

35.6 

19 

7.13 

19  ' 

'  6.70 

3 

21 

10.3 

18 

3U.9 

21 

6.16 

21 

5.U6 

k 

17 

6.3 

17 

28.7 

6 

3.90 

18 

5.oi 

5 

Ik 

5.3 

lit 

23.3 

17 

3.72 

17 

a.  36 

6 

12 

5.0 

12 

18.3 

8 

3.66 

1U 

3.88 

7 

6 

U.7 

23 

16. 3 

1U 

3.Ui 

7 

3.60 

8 

15 

U.3 

7 

16.0 

12 

3-23 

12 

3.07 

9 

8 

U.o 

h 

13.5 

10 

2.81 

23 

2.U8 

10 

10 

3.7 

15 

13.2 

15 

2.60 

9 

2.16 

11 

7 

3.0 

13 

13.2 

7 

2.51 

13 

2.21 

12 

h 

2.7 

9 

12.  h 

h 

1.99 

10 

2. 1U 

13 

9 

2.3 

22 

11.  h 

9 

1.78 

15 

2.09 

Hi 

5 

2.0 

10 

10.8 

5 

1.U9 

6 

1.83 

15 

16 

1.7 

11 

8.9 

22 

0.99 

1 

1.81 

16 

22 

1.7 

16 

8.3 

16 

0.98 

22 

1.77 

17 

20 

1.3 

20 

8.1 

1 

0.97 

11 

1.66 

18 

23 

1.3 

6 

8.1 

3 

0.89 

8 

1.56 

19 

1 

1.0 

1 

7.1 

23 

0.79 

3 

1.37 

20 

3 

1.0 

8 

6.9 

11 

0.77 

16 

1.25 

21 

11 

1.0 

3 

5.9 

20 

0.71 

20 

1.1U 

22 

13 

1.0 

5 

5.U 

13 

0.65 

5 

1.06 

23 

2h, 

0.7 

2h 

1.9 

21. 

0.39 

2h 

0.39 

2U 

2 

0.3 

2 

1.5 

2 

0.30 

2 

0.38 
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2.  Accidents  per  mile  -  The  length  of  the  section  is  taken  into 
consideration  in  this  method  but  the  volume  is  not.  The  ranking 
of  sections  by  this  method  is  also  shown  in  Table  18. 

3.  Accidents  per  10,000  vehicles  -  Although  volume  is  considered,  the 
length  of  the  section  is  not.  The  results  of  using  this  method 
are  shown  in  Table  18. 

h.     Accidents  per  million  vehicle  miles  -  This  rate  is  obtained  from 
consideration  of  the  volume  as  well  as  the  section  length.  This 
is  the  most  commonly  used  expression  for  accident  rates.  The 
sections  of  this  study  and  their  rates  are  3hown  in  Figure  3L 
The  ranking  of  the  sections  by  this  method  is  shown  in  Table  18. 

5.  Measure  of  Hazard  -  This  method  was  suggested  by  Mr.  Earl  C. 

Williams  and  is  similar  to  his  method  previously  used  for  inter- 
sections (21).  The  expression  used  was 

WB   1 

Where         PL  ■  Measure  of  between  intersection  hazard 

W     =  Total  pavement  width  (feet)  of  the  roadway 
D       between  intersecting  streets 

V     ■   Total  volume   (two  directions)  ADT 
B  • 

L_  "  Total  length  of  block  in  feet 

A_  ■  Annual  total  of  accidents  in  area 
between  intersections 

This  expression  provides  a  measure  of  the  hazard  on  a 

section.     It  includes  an  estimate  of  the  volume  (?B>,   the  capacity 

(WJ  and  the  length  of  the  section  (Lg).     The  ranking  of  the 
B 

sections  by  this  method  is  shown  in  Table  19- 
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US  52     -     NORTHWESTERN   AVE 

YEAGER    ROAD 

SALISBURY   ST    -   COUNTY    FARM  ROAD 

HAPPY    HOLLOW    -   SOLDIERS  HOME  ROAD 

NINTH   STREET   CUTOFF 

SCHUYLER    AVE-   STATE   ROAD   25  N 

UNDERWOOD    ST 

GREENBUSH    ST 

UNION    ST 

SOUTH    ST    -    STATE    ROAD    26 

KOSSUTH    ST 

McCARTY    LANE 

MAIN    ST    -    STATE   ROAD    38 

TEAL  ROAD   -  US  231    -    STATE   ROAD   25    S. 


ACCIDENTS    PER   MILLION   VEHICLE    MILES 
3  00 


4  36 


501 


6.70 


5  46 


FIGURE   31  AVERAGE      NONINTERSECTION       ACCIDENT      RATES 

ON     THE      U.S.    52    BY-PASS       FOR      1961,  1962 
AND    1963 


TABLE  19 
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RANKING  OF  SECTIONS  BY  A  MEASURE  OF  HAZARD  AND 
SEVERAL  MEASURES  OF  AVERAGE  ANNUAL  COSTS  OF  ACCIDENTS 


o6CL« 

Hazard 
(100) 

Sect. 

Cost 
(Dollars) 

Sect. 

Cost 

Sect. 

Cost 

Rank 

MVM 

(Dollars) 

Hazard 
(1000) 

1 

h 

11*1 

19 

12,723 

U 

12,679 

u 

199 

2 

19 

102 

18 

10,332 

19 

6,531 

19 

98 

3 

21 

81* 

21 

7,300 

17. 

i*,u*i 

17 

67 

h 

18 

76 

15 

6,1*07 

21 

3,883 

15 

61 

5 

23 

76 

17 

6,373 

111 

3,877 

1U 

59 

6 

17 

67 

Ik 

5,323 

7 

3,71*7 

21 

58 

7 

LU 

59 

6 

5,253 

18 

3,513 

7 

57 

8 

7 

55 

8 

5,203 

15 

3,139 

13 

53 

9 

12 

1*7 

h 

3,753 

11 

2,268 

6 

1*7 

10 

6 

1*2 

12 

3,280 

6 

2,01*9 

22 

39 

11 

15 

U2 

7 

3,110 

12 

2,033 

11 

35 

12 

22 

ia 

10 

2,1*60 

8 

2,021 

8 

31 

13 

9 

37 

5 

2,073 

1 

1,881 

12 

31 

Hi 

13 

31 

9 

1,870 

13 

1,753    " 

9 

29 

15 

10 

33 

11 

1,363 

10 

1,1*27 

1 

27 

16 

1 

28 

20 

1,21*6 

23 

1,291 

13 

27 

17 

11 

25 

1 

1,063 

9 

1,085 

10 

25 

18 

8 

21* 

16 

860 

5 

1,078 

5 

17 

19 

20 

22 

13 

786 

20 

1.0U7 

20 

16 

20 

3 

21 

23 

683 

16 

656 

23 

12 

21 

16 

19 

22 

187 

22 

523 

16 

10 

22 

5 

16 

21* 

1*66 

3 

520 

3 

8 

23 

2U 

12 

3 

1*00 

21* 

266 

21* 

8 

2\x 

2 

6 

2 

1*3 

2 

1*9 

2 

1 

100 


6.  Costs  of  accidents  -  This  method  reflects  the  property  damage 
and  injury  coats  of  accidents  on  each  of  the  sections.  It  is  a 
measure  of  the  severity  of  accidents  but  does  not  consider  the 
varying  lengths  and  volumes  of  the  sections.  The  ranking  of 
sections  by  this  method  is  shown  in  Table  19. 

7.  Costs  of  accidents  per  million  vehicle  miles  -  This  is  a  measure 
of  the  severity,  volume,  and  length  of  the  section.  The  ranking 
of  the  sections  by  this  method  is  also  shown  in  Table  19. 

8.  Cost  hazard  -  In  this  method  the  costs  of  property  damage  and 
injury  accidents  were  substituted  for  the  number  of  accidents 
in  the  formula  by  Williams.   The  ranking  of  the  sections  by 
this  method  is  shown  in  Table  19 . 

9.  Number  of  injuries  per  section  -  This  is  a  measure  of  the  severity 
of  accidents  on  a  section  of  highway.  It  includes  no  measure  of 
the  volume  or  length  of  the  section.  The  ranking  of  the  sections 
is  shown  in  Table  20. 

10.  Number  of  injuries  per  million  vehicle  miles  -  This  method  indi- 
cates the  severity  of  accidents  and  reflects  the  volume  and  the 
length  of  a  section.  Table  20  also  shows  the  ranking  of  the 
sections  by  this  method. 

11.  Number  of  injury  accidents  per  section  -  Because  the  number  of 
injuries  in  an  accident  is  a  function  of  the  number  of  persons 
in  the  car,  this  method  might  provide  a  better  measure  of  the 
severity  of  accidents  on  a  section  of  highway.  The  method, 
however,  does  not  include  a  measure  of  the  volume  or  the  length 
of  the  section.  The  ranking  of  sections  by  this  method  is 
illustrated  in  Table  20. 


TABLE  20 
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HANKING  OF  SECTIONS  FOR  INJURY  ACCIDENTS 
BY  SEVERAL  RATES 


Rank 

Sect. 

No.   of 
Injuries 

oCCu • 

No.  of 
Injuries 

MVM 

oCC  w  • 

No.   of 
Injury- 
Accidents 

Sect. 

Injury 
Accidents 

MVM 

1 

19 

9.3 

u 

7.883 

19 

6.3 

a 

6.757 

2 

18 

7-7 

19 

U.791 

18 

5.7 

19 

3.252 

3 

17 

H.7 

17 

3.252 

17 

2.7 

20 

2.807 

h 

15 

U.o 

18 

2.606 

15 

2.3 

16 

2.550 

5 

21 

U.o 

111 

2.h2h 

21 

2.3 

18 

1.927 

6 

lli 

3.3 

7 

2.1x09 

li 

2.0 

17 

1.859 

7 

8 

2.7 

21 

2.128 

8 

2.0 

12 

1.623 

3 

h 

2.3 

1? 

1.960 

12 

1.7 

7 

1.607 

9 

6 

2.3 

1 

1.766 

7 

1.3 

21 

i.2ni 

10 

7 

2.0 

23 

1.260 

m 

1.3 

15 

l.mn 

11 

12 

1.7 

11 

1.109 

6 

1.0 

11 

1.110 

12 

5 

1.3 

9 

1.050 

5 

0.7 

in 

0.972 

13 

1 

1.0 

8 

1.036 

9 

0.7 

8 

0.777 

111 

9 

1.0 

12 

1.033 

10 

0.7 

13 

0.7U7 

15 

10 

1.0 

6 

0.910 

11 

0.7 

9 

0.701 

16 

11 

0.7 

13 

0.7^6 

1 

0.3 

23 

0.631 

17 

23 

0.7 

5 

0.693 

13 

0.3 

1 

0.588 

18 

13 

0.3 

10 

0.61*7 

16 

0.3 

6 

0.390 

19 

16 

0.3 

20 

0.280 

20 

0.3 

10 

0.387 

20 

20 

0.3 

16 

0.25*4 

23 

0.3 

5 

o.3n7 

21 

2 

0.0 

2 

0.000 

2 

0.0 

2 

0.000 

22 

3 

0.0 

3 

0.000 

3 

0.0 

3 

0.000 

23 

22 

0.0 

22 

0.000 

22 

0.0 

22 

0.000 

2li 

2U 

0.0 

2U 

0.000 

2U 

0.0 

2lt 

0.000 
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12.  Number  of  injury  accidents  per  million  vehicle  miles  -  This  method 
provides  an  estimate  of  the  severity  of  accidents  on  a  section 
of  highway  and  includes  the  volume  and  the  length  of  the  section. 
Table  20  also  provides  the  ranking  of  the  sectior^of  this  study 
using  this  method. 
In  the  four  methods  of  accident  rates  shown  in  Table  18  ,  sections 
numbered  12,  ll*,  17,  18,  19  and  21  were  consistently  in  the  upper  third 
of  the  section  rankings.  Sections  numbered  2,  3  and  2it  were  consistently 
in  the  lower  third  of  the  ratings. 

In  comparing  the  accidents  per  million  vehicle  miles  and  the  hazard 
method,  the  first  nine  sections  are  the  same  with  very  little  change  in 
their  order  and  the  last  eight  sections  are  the  same  with  very  little 
variation. 

In  comparing  the  three  methods  of  costs  of  accidents  in  Table  19, 
sections  numbered  lU,  15,  17,  18,  19  and  21  were  consistently  in  the  top 
third.  The  least  costly  sections  were  those  numbered  2,  3,  16  and  2U. 
Those  sections  which  ranked  in  the  upper  third  of  the  injury  rate 
comparisons  in  Table  20  were  numbers  h,  17,  18  and  19.  Those  sections 
consistently  in  the  lower  third  were  numbers  2,  3,  22  and  2ii. 

Simple  correlation  coefficients  among  three  dependent  variables, 
accidents  per  million  vehicle  miles  (Y  9),  accident  cost  (Y-jq)  *nd  injury 
accidents  per  million  vehicle  miles  (Y,,  )  are  shown  below. 
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Simple  Correlation 

Coefficients 

Y29 

Y30 

Y31 

Y29 

1.000 

0.601 

0.828 

T30 

0.601 

1.000 

0.1)91 

r31 

0.328 

0.U91 

1.000 

Accidents  per  millions  vehicle  miles   (Y?g)  was  highly  correlated  with 
accident  cost  (Y^0)  and  injury  accidents  per  million  vehicle  miles   (Y,, ). 
Accidents  per  million  vehicle  miles  and  the  measure  of  hazard  were  also 
found  to  give  nearly  the  same  results  in  the  ranking  of  the  sections.      In 
addition,   accidents  per  million  vehicle  miles  is  the  most  frequently  used 
expression  of  accident  rate.      Therefore,   the  rate  used  in  the  other  por- 
tions of  this  study  was  accidents  per  million  vehicle  miles. 

Collision-Condition  Diagrams 

Each  intersection  was  analyzed  for  each  of  the  three  years  by  using 
the  collision-condition  diagrams  shown  in  Appendix  C   .      The  results  of 
this  analysis  are  listed  below  by  number  and  intersecting  street: 

Intersections 
1.     Northwestern  Ave. 

The  left-turn  movement  for  traffic  northbound  on  the  by-pass  is 
an  extremely  hazardous  one.     Drivers  making  this  movement  are 
probably  looking  to  the  left  for  approaching  traffic  and  may  not 
see  the  stop  sign  on  the  right.     A  sign  on  this  approach  indicates 
that  northbound  traffic   should  keep  right  and  double  yellow  lines 
attempt  to  encourage  this  measure.      This,   however,   may  discourage 
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left  turning  traffic  from  getting  into  the  left  lane  until  they 
must  make  the  turning  movement. 

2.  Yeager  Road. 

This  is  the  safest  intersection  on  the  by-pass.  Extra  lanes 
have  been  added  to  the  north  side  of  this  intersection  since 
this  study  period  terminated. 

3.,    Salisbury  Street. 

A  traffic  signal  was  installed  here  in  May  1962.  The  following 
accidents  took  place  before  and  after  installation  of  the  traf- 
fic  signal. 

Types  of  Accidents  Before  and  After  Signal  Installation 


Before 

After 

Ratio 

( After   s 
k3efore; 

Injuries 

It 

10 

2.2 

Rear-end 

2 

8 

3.6   H 

Right  angle 

5 

h 

0.7 

Total  accidents 

10 

lh 

1.3 

Time  in  months 

17 

19 

1.0 

The  traffic   signal  is  semi-actuated  on  the  cross  street.     About 
one-half  of  the  accidents  involving  east  bound  traffic  since  the 
signal  has  been  installed  have  been  rear-end  accidents. 
U.      Happy  Hollow   Ftoad. 

There  were  lJ*  right  angle  and  ten  rear-end  collisions.     Twenty- 
three  of  the  31  accidents  involved  west  bound  traffic  nearing 
the  crest  of  a  steep  hill.     The  sight  distance  is  very  poor  for 
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these  drivers  as  well  as  to  the  east  for  the  drivers  on  the 
cross  street.     The  fastest  moving  west  bound,  cars  are  also  in 
the  same  lane  as  left-turning  vehicles  because  of  a  slow  traffic 
lane  on  the  right. 

5.  Ninth  Street  Cutoff. 

In  September,   1962  extra  approach  and  recovery  lanes  were  added 
on  the  by-pass  at  this  location  (see  Ninth  Street  Cutoff,  Appendix 
C).     The  following  accidents  occurred  before  and  after  the  con- 
struction of  these  lanes. 

Types  of  Accidents  Before  and  After  the 
Construction  of  Approach  and  Recovery  Lanes 

Before  After  Ratio    £   ^        ) 

tJeiore 

Rear-end  li  1  0.3 

Right  angle  6  1  0.2 

Left  turn  13  3  0.3 

Injuries  6  1  0.2 

Total  accidents  18  7  0.? 

Time  in  months  20  16  1.0 

There  is  a  sign  warning  of  left- turning  vehicles  ahead  for  the 
west  bound  by-pass  traffic. 

In  1963  after  the  additional  lanes  were  constructed,  only 
Yeager  Road  had  a  lower  accident  rate. 

6.  S.   R.   25  North. 

This  is  the  third  most  hazardous  intersection.     Nearly  one-third 
(18  accidents)  of  the  accidents  resulted   from  improper  lane 
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usage.     These  accidents  often  resulted  from  vehicles  trying  to 
change  traffic  lanes  at  the  last  minute.      Ten  of  these  accidents 
happened  in  approach  lanes  and  eight  in  exit  lanes.     There  were 
nine  right  angle  collisions  indicating  some  involved  vehicles 
possibly  were  going  through  on  the  red.     Of  the  13  rear-end 
collisions  on  the  by-pass  approaches,  nine  involved  southeast 
bound  vehicles.     In  the  three-year  study  period,   vehicles  turn- 
ing left  from  the  by-pass  were  involved  in  only  two  accidents, 
both  occurring  in  196l. 

7.  Underwood  Street. 

All  of  the  llj  accidents  in  the  three  years  involved  left-turning 
vehicles.      Thirteen  accidents  involved  north  bound  vehicles. 

8.  Greenbush  Street. 

As  indicoted  in  the  quality  control  and  accident  rate  analysis, 
the  accident  rate  for  1963  was  more  than  twice  that  of  either 
1961  or  1962. 

A  comparison  of  the  types  of  accidents  for  each  year  is 
shown  below.  All  type:;  of  accidents  increased  in  1963  over  1962 
or  1961. 
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Types  of  Accidents  at  Greenbush  Street 


1961 

1962 

1963 

Total   accidents 

11 

13 

30 

Injury  accidents 

2 

2 

11 

Eight  angle 

1 

h 

7 

Left-  turn 

1 

3 

•      U 

Rear-end 

8 

7 

12 

Lane  change 

0 

1 

7 

Sou tli  bound  vehicles 

11 

12 

29 

North  bound  vehicles 

9 

11 

19 

East  bound  vehicles 

1 

h 

h 

West  bound  vehicles 

0 

0 

3 

No  apparent  reason  could  be  found  for  the  large  1963  increase. 
Union  Street. 

As  illustrated  in  the  quality  control  charts,   the  accident  rate 
for  Union  Street  in  1962  was  about  one-half  that  of  1961  or  1963. 

The  types  of  accidents  are  sunmarized  below  for  the  three 
years. 
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Types  of  Accidents  at  Union  Street 


1961 

1962 

1963 

Total  accidents 

21 

11 

29 

Injury  accidents 

3 

2 

9 

Right  angle 

2 

2 

3 

Left  turn 

h 

1 

k 

Reai'- end 

11 

8 

18 

Lane  change 

a 

5 

9 

North  bound  vehicles 

28 

13 

30 

South  bound  vehicles 

12 

7 

20 

East  bound  vehicles 

1 

1 

h 

West  bound  vehicles 

1 

1 

l» 

No  apparent  cause  for  the  decrease  of  accidents  in  1962  could  be 
found. 
10.  State  Road  26. 

This  is  the  second  most  hazardous  intersection  and  has  the  highest 

intersection  ADT. 

The  types  of  accidents  are  summarized  below. 
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Types  of  Accidents  at  State  Road  26 

1961  1962  1963 


Total  accidents 

27 

2U 

30 

Injury  accidents 

2 

3 

6 

Right  angle 

2 

0 

2 

Left  turn 

6 

8 

10 

Rear-end 

18 

16 

15 

Lane  change 

2 

2 

5 

North  bound  vehicles 

21 

10 

18 

South  bound  vehicles 

20 

2$ 

29 

East  bound  vehicles 

h 

7 

h 

West  bound  vehicles 

8 

6 

h 

At  this  intersection  south  bound  vehicles  had  more  accidents 
than  north  bound  traffic.      The  opposite  is   true  for  the  by-pass 
as  a  whole. 

11.  Kossuth  Street. 

Ten  of  the  15  accidents  involved  left  turning  vehicles.  Seven 
of  these  ten  involved  north  bound  traffic. 

12.  McCarty  Lane. 

Four  accidents  were  right  angle  collisions  while  six  others 
involved  south  bound  vehicles  changing  lanes. 

13.  State  Road  38. 

In  January  1963  a  flasher  at  this  intersection  was  changed  to  a 
traffic  signal. 

Listed  below  are  the  types  of  accidents  that  happened  before 
and  after  the  traffic  signal  was  installed. 
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Types  of  Accidents  at  State  Road  38 
Before  and  After  Signal  Installation 

Before  After  Ratio   (f^L.) 

Bel  ore 

l.li 

1.0 

0.9 

o.5 
0.8 

U.3 
2.0 
2.2 

1.9 

0.5 

1.0 

The  annual  number  of  right  angle  collisions  was  one-half  of 
the  annual  number  before  the  signal  change.      Rear-end  collisions 
increased  by  a  factor  of  four.     The  number  of  by-pass  vehicles 
in  accidents  more  than  doubled  after  the  change  while  the  number 
of  vehicles  in  accidents  on  the  cross  streets  decreased  by  25 
percent. 
111.      Teal    Road   (U.   3.    231). 

All  variations  of  intersection  accident  rates  used  in  this  study 
indicated  that  this  was  the  most  hazardous  of  the  by-pass  inter- 
sections.    Quality  control  charts  illustrated  that  this  intersec- 
tion was  out  of  control  each  of  the  three  years. 


Total  accidents 

26 

25 

Time  in  months 

2JU 

12 

Injury  accidents 

7 

3 

Right  angle 

26 

6 

Left  turn 

10 

U 

Rear-end 

6 

13 

Lane  change 

2 

2 

North  bound  vehicles 

19 

21 

South  bound  vehicles 

18 

17 

East  bound  vehicles 

17 

h 

West  bound  vehicles 

16 

8 

in 


The  different  types  of  accidents  that  occurred  prior  to 
the  installation  of  the  traffic  signal  in  January  1963  and  after 
this  change  are  shown  below. 


Types  of  Accidents  Before  and  After  Traffic 
Signal  Installation 


Total  accidents 

Time  in  months 

Injury  accidents 

Right  angle 

Left  turn 

Rear-end 

lane  change 

North  bound  vehicles     16 

South  bound  vehicles     21 

East  bound  vehicles 

West  bound  vehicles 


if  ore 

After 

_  .    /After  ^ 
^^  (Before) 

Wi 

38 

1.7 

2U 

12 

1.0 

10 

1? 

3.0 

29 

15 

1.0 

10 

h 

0.8 

k 

17 

8.5 

1 

h 

8.0 

16 

3U 

U.3 

21 

27 

2.6 

32 

17 

1.1 

* 

8 

— 

•* No  west  bound  approach  prior  to  signal. 
All  types  of  accidents  increased  with  one  exception,   left-turn 
accidents.     Left- turn  lanes  were  constructed  on  the  by-pass  when 
the  signal  was  installed. 

Nonintersections 
Each  nonintersection  accident  was  analyzed  by  use  of  the  collision 
diagrams  drawn  from  the  investigating  officer's  report.     A  summary  of  this 
analysis  is  shown  in  Table  21.      This  table  presents  the  sections  most 
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frequently  rated  as  the  most  hazardous.      These  ten  sections  had  7U  percent 
of  the  nonintersection  accidents. 

Section  h  had  a  large  percentage  of  injury  accidents.     Seven  of  the 
eight  accidents  were  Type  II  or  marginal  accidents  and  six  of  the  eight 
accidents  occurred  during  a  high-volume  hour  of  the  day. 

On  section  7,   the  Wabash  River  Bridge,   six  of  the  nine  accidents 
occurred  when  the  pavement  was  wet  or  icy. 

Seven  of  the  eleven  accidents  on  section  10  happened  at  night.     Six 
of  the  total  accidents  were  on  wet  or  icy  pavement. 

On  section  12,   six  accidents  happened  during  the  peak  hours  and  six 
occurred  at  night.     One-half  the  accidents  on  section  lU  involved  vehicles 
trying  to  enter  the  traffic  stream  at  an  access  point.     Three-fourths  of 
the  accidents  occurred  during  the  peak  hours.     Section  l£  had  a  high  per- 
centage of  injury  accidents. 

One  half  of  the  nonintersection  accidents  occurred  on  sections  17 
thru  21.     On  this  1.6  miles  of  highway,  $8  percent  of  the  accidents  involved 
marginal  friction,   two-thirds  of  the  accidents  occurred  during  the  peak 
hours,   and  35  percent  of  the  accidents  occurred  when  the  pavement  was  wet 
or  icy. 

Other  Analyses 

Hour  of  Day 
As  shown  in  Figure  32,    the  following  hours  had  accident  rates  above 
6.87  accidents  per  million  vehicle  mil.es,   the  three-year-average  accident 
rate  for  the  by-pas3: 


nil 


NOON 


FIGURE   32        AVERAGE      ANNUAL      ACCIDENTS      PER      MILLION 
VEHICLE      MILES      BY      HOUR      OF     DAY      FOR 
1961,     1962    AND    1963. 
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ffour 

Accident  Pate 

1-2  A.N. 

7.5 

7-8  A.M. 

8.2 

1-2  P.M. 

6.9 

2-3  F.M. 

9.8 

3-U  P.M. 

96 

k-$  P.M. 

9.6 

S-6  P.M. 

11. u 

6-7  P.M. 

7.3 

7-8  P.M. 

8.3 

These  hours  represented  37-5  percent  of  the  day  but  had  62.5  percent  of 
the  daily  accidents,  59  percent  of  the  injuries  and  50  percent  of  the 
fatalities. 

According  to  Accident  Facts,  196U,  (1  )  "During  the  first  few  hours 
after  midnight,  fatal  motor- vehicle  accidents  reach  a  peak  rate  nearly  ten 
times  higher  than  the  low  rate  for  the  day  which  occurs  during  the  late 
morning  hours.''  This  peak,  although  somewhat  smaller,  was  also  experienced 
in  this  study  for  accident  rates  rather  than  death  rates.  Those  driving 
during  this  hour  are  undoubtedly  more  tired  and  less  alert  than  the  day- 
light driver.  Approximately  37  percent  of  the  accidents  that  happened 
during  this  hour  were  single-car  accidents. 

The  hour  beginning  at  7:00  A.M.  represents  the  morning  rush  hour  and 
the  hour  beginning  at  5:00  P.M.  is  the  evening  peak  hour. 

Above  average  accident  rates  are  shown  from  1:00  P.M.  until  8:00  P.M. 
with  the  highest  rates  from  2:00  P.M.  until  ^:00  P.M.  During  this  period 
a  large  percentage  of  the  traffic  is  probably  local  while  a  substantial 
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number  of  through-trip  drivers  are  also  trying  to  reach  their  destinations 
in  Chicago  or  Indianapolis  before  evening.     Through-trip  drivers  probably 
provide  flow  characteristics  that  are  different  from  the  local  drivers. 
A  high  volume  of  these  through  and  local  drivers  operating  under  traffic 
congestion  conditions,  undoubtedly  create  a  high  accident  potential. 

Day  of  Week 
Monday,   Tuesday,  Wednesday  and  Thursday  had  nearly  the  same  accident 
rates.      (See  Figure   33).     Friday  and  Saturday  accident  rates  were  about 
one  and  one-half  (1-1/2)  that  of  the  weekday  average  and  Sunday  accident 
rates  were  nearly  twice  the  weekday  average.     Sunday  also  had  more  acci- 
dents but  fewer  vehicle  miles  driven  than  any  other  day  of  the  week.      The 
"Sunday  driver"  apparently  is  at  his  worst  on  this  facility.     One  reason 
for  this  increase  in  accidents  on  Sundays  might  again  be  due  to  the  dif- 
ference in  flow  characteristics.     Some  drivers  are  pleasure  riding  with 
their  families  and  are  in  no  hurry  while  other  drivers  are  making  inter- 
city trips  and  would  like  to  by-pass  the  cities  as  soon  as  possible.      The 
differences  in  speeds  and  the  alertness  of  these  drivers  to  other  vehicles 
probably  account  for  many  accidents. 

tenth  of  Year 
At  first  glance  accident  rates  vs.   the  months  of  the  year  (see  Figure 
3M  appear  to  follow  no  pattern  unless  it  might  be  one  month  with  a  high 
accident  rate  followed  by  a  month  with  a  low  accident  rate.      However, 
further  examination  showed  that  the  seven  months  with  31  days  are  those 
with  the  highest  accident  rates  while  the  four  months  with  30  days  are 
the  months  with  the  lowest  accident  rates.     February,  with  28  days,  was 
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FIGURE  33      AVERAGE       ACCIDENT      RATES       BY     DAY 
OF    THE     WEEK     FOR     1961,   1962  AND  1963 
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FIGURE  34      AVERAGE      ACCIDENT     RATES     BY     MONTHS 
OF     YEAR      FOR    1961, 1962  AND  1963 
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in  between  these  two  groups.     Since  the  accident  rate,   containing  volume 
as  a  factor,   already  takes  into  account  that  one  group  had  more  days  and 
since  the  difference  in  accident  rates  was  too  great  for  the  difference 
in  the  number  of  days  involved   (31-day-month  average  accident  rate  was  7.8 
while  the  30-day-month  average  was  $.3),  it  was  decided  that  this  parti- 
cular relationship  (the  number  of  days  in  the  month)'  was  coincidental. 
Hbwever,   another  analysis  proved  to  be  more  significant. 

Four  of  the  major  holidays,  Memorial  Day,   Fourth  of  July,    Christmas 
and  New  Tears  Day,   are  in  these  high  accident  months.     These  months  also 
have  an  average  of  3.0  inches  of  precipitation  per  month  while  the  others 
have  2.3  inches  per  month.     March  was  second  only  to  July  for  the  amount 
of  precipitation  per  month.      Rainfall  is  later  shown  to  be  correlated  with 
accident  rates.      Saturdays  in  October  with  Purdue  home  football  games  had 
nearly  three  times  the  number  of  accidents  as  the  average  number  of  acci- 
dents for  Saturdays.     Memorial  Day  not  only  brings  the  regular  holiday 
traffic  through  the  by-pass  but  the  Indianapolis  $00  traffic  completely 
congests  the  by-pass  for  several  hours.      July  and  August  have  the  highest 
ADT's  of  all  months.     November  with  Thanksgiving  has  the  highest  accident 
rate  of  the  30-day-month  group.     In  general,   then,   high  volumes  with  a 
large  percentage  of  through  traffic,   and  inclement  weather,   or  both  factors 
appear  to  account  for  at  least  a  part  of  the  high  accident  rates  in  certain 
months. 

Involvement  Rates 
Passenger  cars  had  a  higher  Involvement  rate  than  trucks  as  shown  in 
Figure  3$.     Tippecanoe  County  vehicles  had  a  higher  involvement  rate  per 
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INVOLVEMENT      RATES      FOR      VEHICLES      BY     TYPE, 
REGISTRATION      AND     DIRECTION      FOR      1961,     1962 
AND     1963. 
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million  vehicle  miles  and  per  million  vehicles  for  nonintersection  study 
sections  and  intersections  respectively  than  all  other  vehicles.     North- 
west bound  vehicles  also  had  a  higher  involvement  rate  than  southeast 
bound  vehicles.     Most  of  the  commercial  development  as  well  as  the  total 
development  of  the  two  cities  is  on  the  left  side  of  the  by-pass  for  north- 
west bound  traffic.     Since  the  left- turn  accident  was  found  to  occur  four 
times  more  frequently  than  the  right-turn  accident  the  direction  of  travel 
that  had  the  most  left- turns  was  the  most  hazardous.     These  comparisons 
were  true  for  intersection  as  well  as  the  nonintersection  study  sections. 

Weather 
Precipitation  data  ( 20)  by  hour  and  by  month  are  sliown  in  Tables   22 
and   23'     These  data  were  used  to  determine  accident  rates  for  clear  or 
rainy  and  snowy  weather.     The  comparative  rates  are  shown  in  Figure   36. 
With  these  extreme  differences  in  rates  it  appeared  obvious  that  the 
occurrence  of  precipitation  and  the  accident  rate  must  be  correlated. 
This  correlation  was  investigated  and  is  discussed  in  a  following  section. 

Severity 
The  ratio  of  fatal  accidents  to  injury,   to  property  damage,   and  to 
total  accidents  is  approximately  1:25:85:111  for  intersections  and 
1:17:38:56  for  nonintersection  study  sections   (see  Figure   37) •      The  overall 
ratio  for  the  by-pass  was  1:21:61:83.     The  same  ratio  for  Indiana  in  1963 
was  1:33:97:131. 

Time  Variations 
A  weekend  was  defined  as  starting  at  6:00  P.M.  on  Friday  and  termina- 
ting at  6:00  A.M.  Monday.     The  weekend  vs.  weekday  accident  rates  are 
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TABLE  22 

FREQUENCY  OF  PRECIPITATION  BY  HOUR  OF  DAY 
FOR  A  TEN- YEAR  PERIOD,  195U-1963 

Number  of  times 
precipitation  fell 
during  this  hour 
Hour  in  a  ten  year  period 


12  AM 

- 

1 

AM 

57 

1 

- 

2 

61 

2 

- 

3 

61* 

3 

- 

k 

6U 

h 

- 

5 

66 

5 

- 

6 

66 

6 

- 

7 

65 

7 

- 

8 

68 

8 

- 

9 

67 

9 

- 

10 

67 

10 

- 

11 

63 

11 

- 

12 

6U 

12 

- 

1 

PM 

62 

1 

- 

2 

6h 

2 

- 

3 

66 

3 

- 

h 

66 

h 

- 

5 

65 

5 

- 

6 

62 

6 

- 

7 

61 

7 

- 

8 

63 

8 

- 

9 

6? 

9 

- 

10 

6U 

10 

- 

11 

6? 

11 

~ 

12 

61 
1536 

Average  ■ 

-  !536  ..  a 
■  "27T-  6h 

Percent  of  time  ,   .        0,        1Ar, 

precipitation  fell  -  6>U  X  ch  X  10°  -  1.75* 

365  x  2li 
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TABLE  23 


NUMBER  OF  DAYS  PRECIPITATION  FELL  AND  THE  AMOUNTS  OF 
PRECIPITATION  IN  THE  LAFAYETTE  AREA  BY  MONTH  AND  YEAR 


1961 

1962 

1963 

Average 

Month 

No.   of 

Days 
Precip. 

Fell 

Inches 

of 
Precip. 

No.   of 
Days 

Precip. 
Fell 

Inches 

of 
Precip . 

No.  of 

Days 
Precip. 

Fell 

Inches 

of 
Precip. 

No.  of 

Days 
Precip. 
'  Fell 

Inches 

of 
Precip. 

Jan. 

10 

0.1-9 

16 

U.ll 

1U 

0.50 

13 

1.70 

Feb. 

10 

1.60 

U 

1.78 

15 

0.78 

13 

1.39 

Mar. 

111 

6.11 

1U 

2.85 

21 

It.  35 

16 

h.hh 

Apr. 

17 

5.22 

11 

1.U8 

10 

Il.ll 

13 

3.60 

Kay 

12 

3.50 

111 

5.15 

10 

2.03 

12 

3.56 

June 

10 

3.71 

7 

2.77 

6 

1.71* 

8 

2.7h 

July 

lh 

2.63 

lh 

6.81, 

13 

li.85 

lli 

U.77 

Aug. 

9 

1.88 

7 

3. la 

7 

3.16 

8 

2.82 

Sept. 

9 

2.80 

10 

1.97 

5 

1.03 

8 

1.93 

Oct. 

11 

a.  13 

10 

3.75 

6 

0.63 

10 

2.8U 

Nov. 

13 

2.53 

8 

0.86 

9 

2.63 

10 

2.01 

Dec. 

19 

151 

1.13 
35-72 

11 
136 

0.38 

9 
125 

0.69 
26.50 

13 

138 

0.73 

Total 

35.35 

32.53 

12U 
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FIGURE    36      AVERAGE     ANNUAL     ACCIDENT     RATE      FOR     CLEAR 
AND      INCLEMENT     WEATHER     FOR  .  1961,    1962    AND 
1963. 
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FIGURE    37       AVERAGE      ANNUAL      ACCIDENT     RATES     BY     DEGREE 
OF     SEVERITY     FOR     1961,    1962     AND     1963 
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compared  in  Figure  38.     Approximately  one- third  of  the  vehicle  miles  are 
travelled  on  weekends  but  U2  percent  of  the  accidents  occurred  during 
this  period.     While  driving  about  38  percent  of  the  vehicle  miles,  night- 
time drivers  had  only  29  percent  of  the  accidents. 

Accident  Distribution 

Ihe  distribution  of  accidents  is  shown  in  Table  2lj.     Those  days  having 
three  or  more  accidents  were  examined  in  detail.     The  days  having  three  or 
more  accidents  are  shown  in  Tables  25,   26  and  27  for  1961,  1962  and  1963 
respectively. 

Sixty-one  percent  of  the  accidents  on  these  days  occurred  while  it 
was  raining  or  snowing.     Accidents  occurring  on  Friday,   Saturday  or  Sunday 
also  represented  61  percent  of  the  total  of  these  accidents. 

Approximately  18  percent  of  these  accidents  happened  on  a  holiday  or 
other  high  volume  day. 

In  general  inclement  weather  and  weekend  or  holiday  traffic  added 
significantly  to  the  number  of  accidents. 

Costs  of  Accidents 

Accidents  were  classified  according  to  the  following  definitions   (8): 

Type  I  Intersection  accidents  which  occur  at  the  crossing  of 

two  traffic  streams.     These  accidents  are  typically 
right-angle,   turning  and  rear-end  collisions. 

Type  II         Marginal  accidents  which  occur  along  the  moving  edge 

ox"  a  traffic  stream.      These  accidents  result  from  vehicles 
attempting  to  enter  or  leave  the  moving  stream.     Typical 
accidents  are  rear-end  collisions. 

Type  III       Medial  accidents  which  occur  between  vehicles  moving  in 
opposite  directions.     Head-on  collisions  and  side- swipes 
are  typical  accidents  of  this  type. 
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TABLE 

2U 

DAILY  ACCIDENT 

FREQUENCY 

Number  of 
Accidents/Day 

Number  of  Days 
with  Given  Number 
of  Accidents/Day 

Percentage  of 
Total  Days 
having  Given 
No .  of  Ace. /Day 

Number  of 
Accidents 

0 

575 

52.5 

0 

1 

322 

29.5 

322 

2 

135 

12.3 

270 

3 

33 

3.0 

99 

h 

16 

1.5 

61. 

5 

6 

0.5 

30 

6 

2 

0.2 

12 

7 

3 

0.3 

21 

8 

2 

1095 

0.2 

16 

100.0 

83h 

100$  of  the  accidents  happened  on  U7.5$  of  the  days 

6H   of  the  accidents  happened  on  18.0$  of  the  days 

29$  of  the  accidents  happened  on  $.7%   of  the  days 

17%   of  the  accidents  happened  on  2.8$  of  the  days 
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FIGURE   38       AVERAGE      ANNUAL     ACCIDENT      RATES     BY    WEEKEND, 
WEEKDAY,    DAY    AND    NIGHT     FOR     1961,  1962    AND    1963. 
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TABLE  25 
DAYS  OF  YEAR  HAVING  THREE  OR  MORE  ACCIDENTS,  1961 


Date 

No .  of  Ace. 

Day  of  Week 

Weather 

Remarks 

C 

R 

s* 

Feb.   3 

h 

Friday 

2 

0 

2 

Mar.  12 

3 

Sunday 

1 

2 

0 

18 

5   . 

Saturday 

0 

5 

0 

31 

h 

Friday 

1 

3 

0 

Good  Friday 

May  9 

3 

Tuesday 

0 

3 

0 

June  22 

3 

Thursday 

1 

2 

0 

July  19 

3 

Wednesday 

0 

3 

0 

28 

7 

Friday 

h 

3 

0 

Aug.  10 

3 

Thursday 

0 

3 

0 

Oct.  19 

k 

Thursday 

0 

1^ 

0 

28 

h 

Saturday 

2 

2 

0 

Football  Game 

Nov.  19 

3 

Sunday 

0 

1 

2 

22 

a 

Wednesday 

0 

h 

0 

Day  before 
Thanksgiving 

13  . 

50 

11 

35 

It 

*  C  -  Clear,  R  -  Rain,  S  -  Snow 
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TABLE  26 
DAYS  OF  YEAR  HAVING  THREE  OR  MORE  ACCIDENTS,   1?62 


Date 

No.   of  Ace. 

Day  of  Week 

C 

Weather 
R       S* 

Remarks 

Jan.     5> 

3 

Friday 

0 

3 

0 

7 

3 

Sunday 

1 

0 

2 

1               lS 

$ 

Monday 

2 

0 

3 

■- 

Feb.    23 

3 

Friday 

0 

0 

3 

Mar.   18 

3 

Sunday 

3 

0 

0 

21 

3 

Wednesday 

1 

2 

0 

Apr.    22 

3 

Sunday 

0 

3 

0 

Easter 

May       2 

3 

Wednesday 

1 

2 

0 

18 

3 

Friday 

3 

0 

0 

July  13 

5 

Friday 

1 

a 

0 

13' 

3 

Sunday 

3 

0 

0 

2k 

3 

Tuesday 

2 

1 

0 

Aug.    25 

7 

Saturday 

0 

7 

0 

Sept.   $ 

3 

Wednesday 

3 

0 

0 

Cct.   16 

3 

Tuesday 

3 

0 

0 

20 

8 

Saturday 

0 

8 

0 

Football  Game 

Nov.    21 

3 

Wednesday 

3 

0 

0 

Day  before 
Thanksgiving 

Dec.   1? 

3 

Saturday 

3 

0 

0 

22 

U 

Saturday 

0 

1 

3 

Weekend  before 
Christinas 

19 

71 

29 

31 

11 

*  C- Clear,   R-Rain,   S-3now 
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TABLE  27 


DAYS  OF  YEAR  HAVING  THREE  OR  MORE  ACCIDENTS,  1963 


Date 


No.  of  Ace. 


Day  of  Week 


Weather 
C   R   S* 


Remarks 


Feb.     9 

3 

Saturday 

1 

0 

2 

23 

6 

Saturday 

3 

0 

3 

2U 

h 

Sunday 

3 

0 

1 

Mar.    31 

$ 

Sunday 

0 

5 

0 

Apr.   13 

3 

Saturday 

2 

1 

0 

Day  before  Eas 

19 

h 

Friday 

2 

2 

0 

28 

3 

Sunday 

3 

0 

0 

Kay    17 

h 

Friday 

0 

k 

0 

19 

7 

Sunday 

0 

7 

0 

27 

k 

Monday 

0 

k 

0 

28 

h 

Tuesday 

0 

h 

0 

July    6 

3 

Saturday 

0 

3 

0 

Fourth  of  July 
Weekend 

13 

6 

Saturday 

0 

6 

0 

lit 

3 

Sunday 

3 

0 

0 

17 

3 

Wednesday 

2 

1 

0 

20 

h 

Saturday 

h 

0 

0 

Aug.   19 

$ 

Monday 

0 

5 

0 

21 

h 

Wednesday 

h 

0 

0 

Sept.    7 

3 

Saturday 

1 

2 

0 

Oct.    2U 

3 

Thursday 

3 

0 

0 

29 

3 

Tuesday 

3 

0 

0 

31 

3 

Thursday 

0 

3 

0 

Nov.      U 

3 

Monday 

1 

2 

0 

13 

22 

Dec.     1 

3 
U 
3 

Wednesday 

Friday 

Sunday 

0 
0 
3 

2 

u 

0 

1 

0 
0 

Day  after 
Thanksgiving 

8 

2j 

Sunday 

0 

0 

It 

20 

h 

Friday 

h 

0 

0 

21 
2\x 

8 

a 

Saturday 
Tuesday 

8 

0 

0 

0 
0 

Day  before 
Christmas 

30 

120 

5U 

55 

11 

*  C  -  Clear, 

R  -   Rain,    S  - 

■  Snow 
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Type  IV    Internal  stream  accidents  which  occur  among  vehicles 

moving  in  the  same  direction.  The3e  include  such  miscel- 
laneous accidents  as  running  off  the  road,  overturning 
and  some  rear-end  collisions.  This  type  of  accident  will 
occur  on  any  facility. 

The  amount  of  property  damage  for  each  accident  was  available  from  the 
State  Police  accident  report  except  that  values  for  vehicles  that  were  a 
"total  loss"  were  not  noted.  Therefore  an  estimated  value  based  on  prices 
in  a  used  car  retail  price  book  was  used.  Injury  costs  were  conservatively 
estimated  at  $660  per  injury  (  2  ).  Deaths  were  assigned  an  average  value 
of  $33*000  per  fatality  (  h  ).  A  summary  of  these  costs  by  type  of  acci- 
dent and  year  for  property  damage,  injury  and  death  losses  is  given  in 
Table  28. 


TABLE  28 
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Total 


TOTAL  COST  OF  ACCIDENTS  ON  U.   S.   $2  BY- PASS 
1961  -  1962  -  1963 


Property  Damage 

Type  of 
Accidents 

1961 

1962 

1963 

Total 

I 

6U,560 

6U,250 

91,1U0 

219,950 

II 

32,680 

28,£UO 

29,820 

91,0U0 

III 

12,2l|0 

10,210 

18,280 

U0,730 

IV 

12,11*0 

12,760 

13,090 

37,990 

121,620 


115,760 


152,330 


389,710 


Injury 

1961 

1962 

1963 

Total 

I 

30,580 

ia,  530 

67,950 

lh0,060 

II 

13,790 

18,730 

30,650 

63,170 

III 

U,  760 

6,U60 

10,570 

21,790 

IV 

U,  330 

5,880 

9,630 

19,8U0 

Total 

53,U60 

72,600 

118,800 

2lili,860 

Fatal 

1961 

1962 

1963 

Total 

I 

66,000 

66,000 

— 

132,000 

II 

— 

— 

33,000 

33,000 

III 

99,000 

33,000 

33,000 

165,000 

IV 

— 

— 

— 



Total 

165,000 

99,000 

66,000 
GRAND  TOTAL 

330,000 
96h,  570 

13U 


SUMMARY  OF  RESULTS  AND  FINDINGS 

The  results  and  findings  of  this  research  study  of  the  U.  S.  52  By- 
Pass  at  Lafayette,  Indiana,  are  summarized  in  the  following  paragraphs: 

General 

1.  The  number  of  accidents  on  U.   S.   52  in  Fairfield  and  Wabash  Townships 
increased  approximately  50  percent  from  1956  to  196U. 

2.  Approximately  57  percent  of  the  by-pass  accidents  occurred  within  100 
feet  of  an  intersection  while  about  65  percent  happened  within  200 
feet  of  an  intersection. 

Multiple  Linear  Regression 

1.  This  statistical  technique  provided  a  means  of  determining  the  inde- 
pendent variables  that  were  significant  in  predicting  various  accident 
rates. 

2.  Twenty-nine  regression  equations  for  various  intersection  accident 
rates  and  27  equations  for  nonintersection  accident  rates  were  computed. 
The  model  for  accidents  per  100  million  vehicles  accounted  for  76  per- 
cent of  the  variability  in  this  intersection  accident  rate  on  the  by- 
pass.    The  model  for  accidents  per  100  million  vehicle  miles  accounted 
for  33  percent  of  the  variability  in  this  nonintersection  accident  rate 
on  the  by- pas s. 
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3.   Fbr  intersections,  accidents  per  100  million  vehicles  increased  when: 

a.  Percent  green  time  on  the  by- pass  decreased 

b.  By-pass,  cross  street  or  total  ADT  increased 

c.  Percent  right  or  left  turns  from  the  by- pass  increased 

d.  Maximum  approach  speed  increased 

e.  Number. of  intersection  approaches  increased 

f.  Total  width  of  driveways  within  200  feet  of  the  intersection 
increased 

Li.   For  nonintersection  3tudy  sections,  accidents  per  100  million  vehicle 

miles  increased  when: 

a.  Total  number  of  establishments  per  mile  increased 

b.  Total  number  of  driveways  per  mile  increased 

c.  Total  number  of  low  volume  intersections  per  mile  increased 

d.  Geometric  modulus  increased 

e.  ADT  increased 

f .  Operating  speed  decreased 

g.  Total  width  of  driveways  per  mile  increased 

h.  Length  of  intersection  turning  lanes  in  the  section  increased 


Quality  Control 

Quality  control  analysis  is  an  excellent  technique  for  determining 
those  sections  or  intersections  of  a  highway  that  are  "out  of  control" 
or  that  probably  have  an  assignable  cause  for  the  high  or  low  acci- 
dent rate. 

Intersection  number  Ik   (Teal  Road)  was  out  of  control  the  two  years 
prior  to  the  installation  of  a  traffic  signal  and  also  during  the 
first  year  in  which  the  signal  was  in  use. 
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3.  Those  intersections  consistently  above  the  average  accident  rate  were 
numbers  13  (S.  R.  38)  and  lu  (Teal  Road)  while  those  consistently  be- 
low average  were  2  (Yeager),  7  (Underwood),  11  (Kossuth)  and  12  (Mc- 
carty) . 

h-     Nonintersection  study  section  number  h  was  out  of  control  in  both 
1961  and  1962  but  in  1963  had  no  accidents.  Sections  18  and  19  were 
out  of  control  in  1963. 

5.  In  the  three  year  study  period  those  sections  consistently  below  the 
average  were  sections  numbered  2,  5,  6,  8,  10,  16,  20  and  2a.  Those 
consistently  above  average  were  sections  numbered  lu,  17 »  18,  19  and 
21. 

Accident  Rates 

1.  Intersection  accident  rates  were  computed  and  evaluated  by  11  methods. 
The  intersections  mo3t  often  ranked  by  exposure,  cost  and  severity 
measures  as  the  most  hazardous  were  lu  (Teal  Road),  10  (S.  R.  26), 

6  (S.  R.  25)  and  8  (Greenbush)  in  decreasing  order  of  hazard.  All 
methods  listed  Teal  Road  as  the  most  dangerous  intersection  on  the 
by-pass. 

2.  Those  intersections  most  frequently  ranked  by  exposure,  cost  and 
severity  measures  as  the  safest  intersections  were  2  (Yeager),  11 
(Kossuth),  7  (Underwood),  12  (McCarty)  and  S  (Ninth  Street  Cutoff) 
in  increasing  order  of  hazard.  Nine  of  the  11  methods  listed  2 
(Yeager)  as  the  safest  intersection  on  the  by-pass. 

3.  The  number  of  accidents  per  MV  includes  a  consideration  of  exposure 
and  is  highly  correlated  with  the  severity  and  cost  of  accidents  on 
the  by-pass.  This  accident  rate  provided  a  satisfactory  measure  of 
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the  hazard  at  an  intersection  and  was  used  in  comparing  intersections 

in  other  parts  of  this  study. 
h-     The  nonintersection  study  sections  roost  often  ranked  by  exposure,   cost 

and  severity  measures  ss  the  most  hazardous  were  lli,   17,  18,  19  and  21. 

Those  considered  the  safest  were  2,   3,  and  2l*. 
£.     Accidents  per  million  vehicle  miles,   the  most  commonly  used  accident 

rate  for  sections  of  highway,  was  used  to  compare  nonintersection 

study  sections  on  the  by-pass.     This  rate  was  correlated  with  accident 

cost  and  injury  accidents  per  millions  vehicle  miles. 

Collision  Diagrams 

1.  There  is  no  substitute  for  the  use  of  collision-condition  diagrams 
for  the  determination  of  specific  causes  of  high  accident  rates  at 
intersections  as  well  as  nonintersection  study  sections. 

2.  The  installation  of  traffic   signals  on  the  by-pass  during  the  study 
period  (Salisbury,   S.    R.   38  and  Teal  Road)  resulted  in  an  increase  in 
rear-end  collisions,   lane-changing  accidents,   injury  accidents  and 
total  accidents.     While  vehicles  on  the  by-pass  were  involved  at  a 
much  higher  rate  after  the  signal  installations,   cross  street  traffic 
involvement  rates  remained  the  same  or  decreased.      Right-angle  and 
left- turn  accidents  decreased. 

3.  fallowing  the  construction  of  extra  approach  and  recovery  lanes  (a 
"passing  blister")  at  Ninth  Street  Cutoff  in  1962  a  reduction  of  50 
to  80  percent  of  all  types  of  accidents  was  realized. 

U.     A  substantial  number  of  accidents  at  intersections  occurred  when 

vehicles  changed  lanes  or  passed  left- turning  vehicles  on  the  right. 
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5.  Several  accidents  occurred  when  two  vehicles  passing  through  the 
intersection  side-by- side  were  forced  into  the  same  lane  when  the 
exit  lane  terminated. 

6.  The  left-turn  movement  of  northwest  bound  by-pass  traffic  at  North- 
western Avenue  is  a  dangerous  one.     Another  hazardous  movement  is  the 
left  turn  on  to  the  by-pass  by  southeast  bound  traffic. 

7.  During  the  three  year  study,   23  of  the  31  accidents  at  Happy  Hollow 
Road  involved  west  bound  vehicles  nearing  the  crest  of  a  steep  hill. 
In  addition  to  the  limited  sight  distance,   the  fastest  moving  west 
bound  vehicles  were  also  in  the  same  lane  as  left-turning  vehicles 
because  of  a  slow  traffic  lane  on  the  right. 

8.  Nearly  one-third  (18)  of  the  accidents  at  S.  R.  25  (the  third  most 
hazardous  intersection)  resulted  from  improper  lane  usage.  Ten  of 
these  accidents  happened  in  approach  lanes  and  eight  in  exit  lanes. 

9.  All  of  the  1U  accidents  at  Underwood  Street  during  the  three  year 
period  involved  left-turning  vehicles.     Thirteen  of  these  accidents 
involved  north  bound  vehicles. 

10.  At  Greenbush  Street  all  types  of  accidents  increased  in  1963  over 
1962  or  1961. 

11.  The  Union  Street  intersection  accident  rate  for  1962  was  about  one- 
half  that  of  1961  or  1963. 

12.  South  bound  vehicles  had  a  higher  involvement  rate  than  the  other 
directional  involvement  rates  at  S.   R.   26,   the  second  roost  hazardous 
and  the  busiest  intersection  on  the  by-pass.     On  the  by-pass  as  a 
whole,   north  bound  vehicles  had  the  highest  involvement  rate. 

13.  Ten  of  the  15  accidents  at  Kossuth  Street  involved  left-tuming  vehicles. 
Seven  of  these  ten  involved  north  bound  traffic 
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lU.  At  McCarty  Lane  four  accidents  were  right-angle  collisions  while  six 
others  involved  south  bound  vehicles  changing  lanes. 

15.  Rear-end  accidents  occurred  four  tines  as  often  after  the  traffic 
signal  installation  at  S.    R.   38  as  before.     The  number  of  by-pass 
vehicles  in  accidents  more  than  doubled  after  the  change  while  the 
number  of  vehicles  in  accidents  on  the  cross  streets  decreased  by  25 
percent. 

16.  All  methods  used  in  this  study  indicated  that  Teal  Road  was  the  most 
hazardous  intersection  on  the  by-pass.     Following  the  installation  of 
the  traffic  signal  in  January  1963,   rear-end  and  lane-change  accidents 
increased  by  a  factor  of  eight.     The  only  type  of  accident  to  decrease 
was  left- turn  accidents.     Left- turn  lanes  were  constructed  on  the  by- 
pass when  the  signal  was  installed. 

17.  On  the  Wabash  River  Bridge  six  of  the  nine  accidents  occurred  when 
the  pavement  was  wet  or  icy. 

18.  Seven  of  the  11  accidents  on  section  10  happened  at  night.     Six  of 
the  total  accidents  were  on  wet  or  icy  pavement. 

19.  One-half  of  the  noninteraction  accidents  occurred  on  sections  17 
through  21.     On  this  1.6  miles  of  highway,   58  percent  of  the  accidents 
involved  marginal  friction,   two-thirds  of  the  accidents  occurred 
during  the  peak  accident  rate  hours  and  35  percent  of  the  accidents 
occurred  when  the  pavement  was  wet  or  icy. 

Other  Analyses 

1.  Over  62  percent  of  the  daily  accidents  occurred  during  the  hours  from 
1-2  A.M.,  7-8  A.M.  and  1-8  P.M.  During  these  nine  hourly  periods  59 
percent  of  the  injuries  and  50  percent  of  the  fatalities  occurred. 
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2.  Friday  and  Saturday  accident  rates  were  one  and  one-half  that  of  the 
weekday  rates  while  Sunday  accident  rates  were  nearly  twice  that  for 
the  weekday. 

3.  High  volumes  of  through  traffic  and  inclement  weather  were  factors 
which  probably  contributed  to  the  high  accident  rates  of  certain 
months . 

h.     Involvement  rates  were  higher  for  passenger  cars,   Tippecanoe  County 
vehicles  and  northwest  bound  vehicles  when  compared  with  trucks, 
non- Tippecanoe  County  vehicles  and  southeast  bound  vehicles  respec- 
tively. 

5.  Inclement  weather  (rain  or  snow)  accident  rates  were  approximately 
21  and  36  times  greater  than  clear  weather  accident  rates  for  inter- 
sections and  nonintersection  study  sections  respectively. 

6.  The  ratio  of  fatal  accidents  to  injury,   to  property  damage,   and  to 
total  accidents  was  approximately  1:21:61:83  for  the  U.   S.  $2  By-Pass 
as  compared  with  1:33:97:131  for  Indiana  in  1963- 

7.  Weekend  accident  rates  were  greater  than  weekday  accident  rates  and 
day  accident  rates  were  higher  than  night  accident  rates.      These 
comparisons  were  true  for  intersections  as  well  as  nonintersection 
study  sections. 

8.  Sixty-one  percent  of  the  accidents  that  occurred  on  the  days  that  had 
three  or  more  accidents  happened  while  it  was  raining  or  snowing. 
Friday,   Saturday  or  Sunday  also  had  61  percent  of  these  accidents. 

9.  The  total  cost  of  accidents  on  the  U.  S.  $2  By-Pass  during  the  three 
year  study  period  was  nearly  a  million  dollars. 
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APPENDIX  A 

TRAFFIC  ACCIDENT  PUNCH  CARD  CODES 
INDIANA  STATS  POLICE 

The  following  codes  are  for  use  with  eighty  column  punch  card3. 
The  effective  date  for  use  of  these  codes  was  January  1,  l°6l. 


Card 
Column  Description  and  Instructions 

1  Card  Number 

This  column  indicates  the  number  of  punch  card3  needed  to 
contain  the  information  from  a  particular  accident  report. 

The  first  card  for  any  particular  accident  report  will  be 
referred  to  as  the  lead  card  and  all  additional  card3  for 
that  accident  report  will  be  referred  to  as  supplementary 
cards. 

Zero  "0"  code  means  that  the  accident  involved  only  1  vehicle 
and  that  there  was  not  more  than  one  person  injured  or  killed. 

A  one  "1"  code  mean3  that  there  were  two  or  more  vehicles,  or 
two  or  more  people  injured  or  killed.  A  one  "1"  code  for  a 
particular  accident  must  have  at  least  one  additional  card. 
The  second  card  will  contain  a  two  "2"  code,  the  third  card 
a  three  "3"  code,  and  etc.  It  will  be  noted  that  using  this 
coding  method  there  will  be  only  nine  r9"  possible  codes, 
therefore  the  ninth  card  and  all  additional  cards  over  nine 
will  be  coded  nine  "9". 

This  column  must  be  coded  on  all  cards. 

2 
thru 

7  Accident  Number 

The  accident  number  16  printed  on  the  accident  report  by  the 

accident  records  section. 
This  number,  which  is  used  to  identify  a  particular  accident, 

is  placed  in  the  six  columns  two  through  seven. 
The  units  position  must  be  in  column  seven  and  each  column 

mu3t  be  filled.   The  number  563  would  be  entered  as  000563. 


iWx 


2 
thru 

7  Accident  Number 

All  of  these  columns  must  be  coded  on  the  lead  card  only. 
They  will  be  reproduced  on  the  supplementary  cards. 

8  Type  of  Accident 

An  accident  type  is  determined  by  the  first  event  happening  on 
the  road  as  prescribed  in  the  "Uniform  Definitions  of  Motor 
Vehicle  Accidents". 

R  Collision  with  pedestrian. 

X  Collision  with  other  motor  vehicle. 

0  Collision  with  railroad  train. 

1  Collision  with  farm  vehicle. 

2  Collision  with  animal  drawn  vehicle. 

3  Collision  with  bicycle. 
h  Collision  with  animal. 

5  Collision  with  fixed  object. 

6  Collision  with  all  other  objects. 

7  Overturned  in  roadway. 

8  Ran  off  roadway. 

9  All  other  non- collision. 

This  column  must  be  coded  on  lead  card  only.  It  will  be 
reproduced  on  the  supplementary  cards. 

9  Investigation  or  Source 

This  code  shows  if  the  accident  was  investigated  and  if  so  by 

what  department. 
A  zero  "0"  code  means  the  accident  was  not  investigated  and 

all  information  is  obtained  from  an  operators  report. 

Code  one  "1"  indicates  a  state  police  investigated  accident. 

Code  two  "2"  is  sheriff  investigated  accident. 

Code  three  "3"  is  city  police  investigated  accident. 

Code  four  "h"   is  other  investigated  accident. 

This  column  must  be  coded  on  lead  card  only.  It  will  be 
reproduced  on  the  supplementary  cards. 

10 

and 

11  Directional  Analysis 

These  code3  are  used  to  modify  the  type  of  accident  code  in 

column  8  for  certain  types  only. 
If  column  8  is  coded  "R"  for  collision  with  pedestrian  then 

one  of  the  6  codes  under  "Pedestrian"  must  be  used. 
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10 

and 

11  Direction  Analysis 

If  column  8  is  coded  "X"  for  collision  with  other  motor  vehicle 
then  one  of  the  9  codes  under  "Motor  Vehicle  Collision-Inter- 
section", or  one  of  the  10  code3  under  "Motor  Vehicle  Collision- 
Non  Intersection"  must  bo  used. 

If  column  8  is  coded  "0"  use  code  1*0  only. 

If  column  8  is  coded  "1"  or  "6"  use  code  h$   only. 

If  column  8  is  coded  "2"  use  code  lil  only. 

If  column  8  is  coded  "3"  use  code  U2  only. 

If  column  8  is  coded  "U"  use  code  U3  only. 

If  column  8  is  coded  "5"  use  code  UU  only. 

If  column  8  is  coded  "7"  use  code  50  only. 

If  column  8  is  coded  "8"  use  code  60  only. 

If  column  8  is  coded  "9"  use  code  70  or  80,  which  ever  one 
applies  to  the  situation. 

These  columns  must  coded  on  the  lead  card  only.  They  will  be 
reproduced  on  the  supplementary  cards. 

Pedes  trian 

10  Car  going  straight. 

11  Car  turning  right. 

12  Car  turning  left. 

13  Car  backing. 

18  All  others. 

19  Not  stated. 

Motor  Vehicle  Collision- Intersection. 

20  Entering  at  angle. 

21  From  same  direction- both  going  straight. 

22  From  same  direction-one  turning,  one  straight. 

23  From  same  direction-one  car  stopped. 
2k  Frx>m  same  direction-all  others. 

25  From  opposite  directions- both  going  straight. 

26  From  opposite  directions-one  left,   other  straight. 

28  All  others. 

29  Not  stated. 

Motor  Vehicle  Collision  -  Non  Intersection 

30  Going  in  opposite  directions,   both  moving. 

31  Going  in  same  direction,   both  moving. 

32  One  car  parked. 

33  One  car  stopped  in  traffic. 

3U    One  car  entering  parked  position. 

35  One  car  leaving  parked  position. 

36  One  car  entering  alley  or  driveway. 
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and 

11  Directional  Analysis 

37  One  car  leaving  alley  or  driveway. 

38  All  others. 

39  Not  stated. 

All  Other  Accidents. 

UO  Collision  with  train. 

Ill  Collision  with  animal  drawn  vehicle. 

h2  Collision  with  bicycle. 

U3  Collision  with  animal. 

Ui  Collision  with  fixed  object. 

h$  Collision  with  other  object. 

50  Overturned  in  roadway. 

60  Left  roadway 

70  Fell  from  moving  vehicle. 

80  All  others. 

12 

thru 

15  Property  Damage  Loss 

The  dollar  amount  of  property  damage  is  used  to  determine  the 
amount  of  money  lost  each  year  duo  to  traffic  accident  damage. 
To  arrive  at  the  direct  reading  code,   add  together  all  estimates 
of  amount  of  damage  to  all  vehicles,    round  off  the  total  to 
the  nearest  10  dollars,   drop  the  cent  amount  and  the  unit 
dollar  position  and  enter  the  remaining  figure.      If  amount  is 
not  stated  code  0000. 

All  columns  must  be  filled  on  lead  card  only.     They  will  be 
reproduced  on  the  supplementary  card 3. 

Less  than  15-00  Code  0001 

15.00  to  2U.00  Code  0002 

25.00  to  35.00  Code  0003 

130.00  to  13li-00  Code  0013 

9,990.00  to  9,99U.OO  Code  0999 

Any  accident  with  more  than  100,000.00  damage  code  9999  and 
enter  actual  amount  on  the  card  in  red  pencil. 

16  Character  of  Location 

The  character  of  location  is  used  to  show  if  the  accident 
occurred  at  an  intersection,  and  if  not,  what  was  significant 
about  the  location.  If  none  of  the  coded  features  wero  present, 
use  code  8. 
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16  Character  of  Location 

If  columns  10  and  11  are  coded  in  the  20  series  "Motor  Vehicle 

Collision-Intersection"  this  column  must  be  coded  "1". 
If  columns  10  and  11  are  coded  in  the  30  series  "Motor  Vehicle 

Collision-Non  Intersection"  this  column  must  be  coded  some 

code  2  through  8. 
This  column  must  be  coded  on  lead  card  only.      It  will  be 

reproduced  on  the  supplementary  cards. 

1  Intersection.     Street  and/or  highway  intersection. 

2  Culvert. 

3  Intersection.  Alley  or  driveway.  This  includes  any 
intersection  other  than  regular  street  and/or  highway 
intersection. 

U  Railroad  crossing. 

5  Bridge  or  overpass. 

6  Underpass. 

8  All  others. 

9  Not  stated. 

17 

and 

18  Month  of  Accident 

Enter  in  these  columns  the  numerical  value  of  the  month  in 
which  the  accident  occurred.     Two  digits  mist  be  used. 
Nuraberical  values  of  January  thru  September  must  be  proceeded 
by  a  zero.     The  only  possible  codes  are  01  thru  12. 

Th©5e  columns  must  be  coded  on  lead  card  only.      TW  will  °« 
reproduced  on  the  supplementary  cards. 


19 

and 

20 


Date 


These  columns  are  used  to  show  the  date  of  the  month  on  which 
the  accident  occurred.     Dates  prior  to  the  tenth  of  the  month 
must  be  proceeded  by  a  zero.     The  only  possible  codes  are  01 

These^ed'annis  must  be  coded  on  lead  cards  only.     They  will  be 
reproduced  on  the  supplementary  cards. 

21  Year 

This  column  indicates  the  year  in  which  the  accident  occurred. 
'   By  using  one  full   column  it  is  possible  to  code  ten  years 

Without  repeating  a  code.     The  code  is  determined  by  using 

the  unit  position  of  the  year. 
This  column  must  be  coded  on  lead  card  only .      It  will   be 

reproduced  on  the  supplementary  cards. 
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22  Day  of  V/eek 

This  column  indicates  on  which  of  the  7  days  of  the  week  the 
accident  occurred.     The  only  possible  codes  are  1  thru  7. 

This  column  must  be  coded  on  lead  cards  only.     It  will  be 
reproduced  on  the  supplementary  cards. 


1 

Monday 

2 

Tuesday 

3 

Wednesday 

h 

Thursday 

5 

Friday 

6 

Saturday 

7 

Sunday 

23 

and 
2U 

four  of  Day 

The  hour  code  is  based  upon  the  2U  hour  clock  system  plus  1. 

All  minutes  are  dropped  and  the  stated  hour  only  is  used. 

The  only  possible  codes  are  01  thru  2b  with  "Not  Stated" 

being  coded  99- 
Both  columns  must  be  filled  on  lead  card  only.      They  will  be 

reproduced  on  supplementary  cards. 
In  converting  to  hourly  code,  add  one  to  any  stated  time  from 

1.00  AM  to  12.59  PM.     Add  13  to  any  time  from  1.00  PM  to 

11.59  PM. 

01  Midnight  to  12.59  AM 

02  1.00  AM  to  1.59  AM 

03  2.00  AM  to  2.59  AM 
0U  3.00  AM  to   3-59  AM 

05  1.00  AM  to  U.59  AM 

06  5.00  AM  to  5-59  AM 

07  6.00  AM  to  6.59  AM 

08  7.00  AM  to  7.59  AM 

09  8.00  AM  to  8.59  AM 

10  9.00  AM  to  9-59  AM 

11  10.00  AM  to  10.59  AM 

12  11.00  AM  to  11.59  AM 

13  Noon  to  12.50  PM 
1U  1.00  PM  to  1.59  PM 

15  2.00  PM  to  2.59  PM 

16  3-00  PM  to  3.59  PM 

17  U.00  PM  to  1.59  PM 

18  5.00  PM  to  5-59  PM 

19  6.00  PM  to  6.59  PM 

20  7.00  PM  to  7.59  PM 

21  8.00  PM  to  8.59  PM 

22  9.00  PM  to  9.59  PM 

23  10.00  PM  to  10.59  PM 
2U  11.00  PM  to  11.59  PM 
99  Not  stated. 
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25 
and 

26  County 

Accidents  in  rural  areas,  those  outside  of  incorporated  cities 
and  towns,  are  chargeable  to  the  county  in  which  they  occurred 
with  the  exception  of  toll  roads.  Toll  road  accidents  are 
chargeable  to  the  toll  road  either  in  it's  entirety  or  by 
milepost  and  not  to  the  county. 

The  county  is  coded  on  toll  road  accidents  for  special  study 
puiposes.  The  county  is  coded  in  urban  accidents.  The  only 
possible  county  codes  are  01  thru  92  as  listed  in  the  county 
codes. 

These  columns  must  be  coded  on  lead  cards  only.  They  will  be 
reproduced  on  the  supplementary  cards. 

27  Population  Group 

All  accidents  outside  of  corporate  limits  will  be  coded  "0". 
All  accidents  within  corporate  limits  will  be  coded  according 

to  the  population  grouping  of  the  city  or  town. 
This  column  must  be  coded  on  all  lead  cards.  It  will  be 

reproduced  on  all  supplementary  cards. 


0 

Rural  accident. 

1 

City  or  town  under  1,000 

2 

1,000  to  2,500. 

3 

2,500  to  5,000. 

u 

5,000  to  10,000. 

5 

10,000  to  25,000. 

6 

25,000  to  50,000. 

7 

50,000  to  100,000. 

8 

100,000  to  250,000. 

9 

250,000  and  over. 

28 

thru 

31 

City  or  Township 

Urban  accidents  -  incorpoiated  cities  and  towns. 

AH  cities  carry  s  code  number  higher  than  1000  therefore  all 

four  columns  will  be  used.  All  city  codes  end  in  an  even 

number.  They  are  also  divisible  by  four. 
Rural  accidents. 
Codes  for  townships  will  always  be  numbers  under  30,  therefore 

place  zeros  in  columns  28  and  2°  and  the  township  number  in 

columns  30  and  31. 
This  will  make  a  four  digit  number.  In  case  of  toll  road  use 

four  zeros  in  these  columns. 
These  columns  must  be  coded  on  all  accidents. 
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32 

thru 
3k  Highway  Number 

Use  low  number  if  two  state  roads  or  two  federal  roads  run 
concurrently.  If  a  state  and  federal  road  run  concurrently, 
use  the  federal  road  number.  Use  interstate  road  number  in 
preference  to  any  of  the  above. 

Leave  columns  blank  for  county  roads  or  city  streets,  even  if 
the  county  roads  or  city  streets  are  numbered.  Leave  blank 
for  the  toll  road.  Use  preceding  zeros  to  fill  the  field, 
when  coded.  Code  lead  cards  only  as  required. 

35  Additional  Highway  Information 

This  column  serves  two  purposes.  It  modifies  the  highway  number 
and  it  identifies  a  directional  lane  on  a  toll  road.  The 
column  must  be  coded  for  all  toll  road  accidents.  On  all 
other  accidents  code  only  when  additional  information  is 
needed  to  identify  the  road  on  which  the  accident  occurred. 

Code  lead  cards  only  as  required. 

1  Alternate,  as  31A. 

2  East,  for  31E  etc. 

3  West. 
k  North. 

5  South. 

6  Eastbound  lane  for  toll  road. 

7  Westbound  lane  for  toll  road. 

8  Northbound  lane. 

9  Southbound  lane. 

36  Highway  Classification 

The  classification  of  the  road  coded  In  colximns  32  thru  )h  is 
shown  in  this  column.  If  the  accident  occurred  on  a  county 
road,  city  street  or  toll  road,  columns  32  thru  3h  will  not 
be  coded,  however,  this  column  rrust  indicate  why  by  using  a 
"0"  code  for  county  road  or  city  3treet,  or  using  a  'V 
code  for  a  toll  road. 

This  column  must  be  coded  on  all  lead  cards.     It  wlU    be 
reproduced  on  supplementary  cards. 

0  County  road  or  city  street. 

1  State  road. 

2  Federal   road  excluding  interstate. 

3  Interstat.fi. 

k     Indiana  toll   road 
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37 
thru 
I4O  Intersecting  Highway  Number 

At  the  present  time  column  37  is  always  left  blank.  A  four 
position  field  was  set  aside  to  be  used  for  a  highway  log 
number  sometime  in  the  future. 

If  the  accident  occurred  at  an  intersection,  indicate  the 
intersecting  road  number  in  the  columns  38  thru  UO. 

Code  the  Intersecting  road  number  in  the  same  manner  the 
highway  number  was  coded  in  columns  32  thru  31*.  If  the 
accident  occurred  on  the  toll  road,  place  the  milepost 
number  in  these  columns.  Use  preceding  zeros  to  fill  the 
field,  when  coded. 

Code  this  field  on  lead  cards  only  when  indicated  by  above 
instructions. 

la  Vehicle  Number 

Code  in  this  column  the  number  assigned  to  this  vehicle  in 
this  accident.  For  example,  if  there  were  5  vehicles  in 
the  accident  we  will  need  five  cards,  one  for  each  vehicle. 
The  first  card  will  contain  the  number  "1",  the  second 
card  the  number  "2"  and  so  on  to  the  fifth  card.  It  will 
be  noted  that  by  using  one  column  we  can  number  only  nine 
vehicles.   If  the  accident  involves  more  than  nine  vehicles 
code  the  first  nine  in  the  above  manner  and  code  all  suc- 
ceeding vehicles  as  9.  It  is  therefore  possible,  in  a  12 
car  accident  to  have  12  cards  with  the  first  nine  cards 
coded  1  thru  9  and  3  additional  cards  coded  9. 

12 

and 

U3  Type  of  Vehicle 

After  the  vehicle  is  numbered  in  column  Ul>  code  in  these 
columns  the  type  of  vehicle. 

01  Passenger  car 

02  Passenger  car  with  trailer 

03  Passenger  car  with  house  trailer 
Olj  Truck 

05  Truck  with  trailer 

06  Truck  tractor 

07  Truck  tractor  and  semi-trailer 

08  Other  combination 

09  Farm  tractor  or  other  sell"  propelled  farm  equipment 

10  Taxi  cab 

11  Bus 

12  School  bus 

13  Motorcycle 
111  Motor  bike 


1S2 


l|2 

and 

U3 

Type  of  Veh 

1? 

Motor  scooter 

16 

Not  used 

17 

Not  used 

18 

Other  type  vehicles 

19 

Not  stated 

hh  Special  Vehicle  Information 

This  column  is  coded  only  if  the  vehicle  in  column  U2  and  k3 
is  in  one  of  the  following  catagcries. 

1  frnergency  vehicle  on  emergency  run.     Police,   fire,  etc. 

2  Military  vehicle. 

3  Any  other  public  owned  vehicle. 

15 

and 

Ii6  Age  of  Driver 

Code  the  age  of  the  driver  of  the  vehicle  which  is  numbered  in 
column  1*1  with  the  following  exceptions. 

If  the  vehicle  was  parked,  indicating  there  was  no  driver, 

leave  these  columns  blank. 
If  the  driver  of  the  vehicle  was  guilty  of  hit  and  run, 

indicating  the  age  was  not  known  at  the  time  of  the 

accident,  leave  these  columns  blank. 
If  the  vehicle  was  a  driverless  moving  vehicle,  leave 

these  columns  blank. 
If  the  age  of  the  driver  was  not  stated  or  otherwise  net 

known,  code  and  "X"  in  column  h?  and  leave  column  US 

blank. 

U7  Sex  of  Driver 

This  column  serves  two  purposes.   It  will  show  the  sex  of  the 
driver  if  it  is  stated  and  will  indicate  if  the  sex  is  not 
stated  and  in  four  cases  will  indicate  why  the  sex  is  not 
stated. 

1  Male 

2  Female 

3  Hit  and  run.      Sex  assumed  unknown 
h  Driverless  moving  vehicle 

5  Properly  parked 

6  Impioperly  parked 
9     Not  stated 
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^8  Proximity  of  Residence 

0  Non  resident  of  state 

1  Residing  in  same  county  as  accident  occurred 

2  Residing  elsewhere  in  state 
9  Not  stated 

1^9  Drivers  License 

The  driving  experience  of  the  driver  and  the  type  of  licence, 
within  certain  limits,  if  any,  may  be  determined  by  this 
column . 

1  Licensed  in  state.  Operators,  chauffers,  etc. 

2  Licensed  in  state.  Beginners,  school  permit,  etc. 

3  Resident  of  state,  no  license. 

li  Non  resident,  licensed  in  other  state. 
5  Non  resident,  no  license. 
9  Not  stated. 

jJq  Deaths 

Indicate  here  the  number  of  people  killed  as  a  result  of  this 
accident.      If  more  than  9  were  killed  code  as  9  only.     If 
there  were  no  deaths  use  code  (0". 

This  column  must  be  coded  on  all  lead  cards.     It  will  be 
reproduced  on  supplementary  cards. 

51  Injured 

Indicate  here  the  number  of  people  injured,  not  fatally,  as  a 
result  of  this  accident.  If  more  than  9  were  injured  code 
as  nine  only. 

If  there  were  no  non  fatal  injuries  use  code  n0". 

This  column  must  be  coded  on  all  lead  cards.  It  will  be 
reproduced  on  supplementary  cards. 

52  Severity  of  Accidents. 

If  column  $0  contains  any  number  1  thru  ?,  indicating  a  fatality, 

use  code  1  in  this  column. 
If  column  $0  contains  coda  0  check  column  51.   If  column  >1 

contains  any  number  1  thru  9,  indicating  an  injury  and  column 

50  contains  code  0,  use  code  2  in  this  column. 
If  both  columns  $0  and  51  contain  code  0,  indicating  no  deaths 

and  no  injuries,  use  code  3  in  thl*  column. 
This  column  must  be  coded  on  .all  lead  cards.  It  will  be 

reproduced  on  the  supplementary  cards. 

1  Fatal 

2  Non  fatal  injury 

3  Property  damage  only 
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53 

and 

5U  Age  of  Injured  or  Killed 

The  age  of  the  injured  or  killed  person  will  be  entered  in 
these  columns.  If  the  age  is  unknown  use  code  "X"  in  column 
53  and  leave  column  5u  blank. 

55  Sex  of  Injured  or  Killed 

This  :olumn  indicates  the  sex  of  the  injured  or  killed  person. 
Person 

1  Kale 

2  Female 

9  Not  stated 

56  Location  of  Injured  or  Killed 

Show  in  this  column  where  the  person  was  at  the  time  of  the 
accident.  Driver.,  passenger,  etc. 

1  Driver 

2  Passenger 

3  Pedestrian 
U  Bicyclist 

8  All  others 

9  Not  stated 

57  Car  Occupied  by  Injured  or  Killed 

If  column  56  is  coded  1  or  2  indicate  in  this  column  which  of 
the  vehicles  coded  in  column  l|l  was  occupied  by  this  person. 

58  Severity  of  Injury 

Code  the  severity  of  the  injury  in  this  column  U3ing  the  code 
number  for  the  most  serious  injury  to  thi.3  person  Indicated 
on  the  report. 

1  Died  as  result  of  accident. 

2  Visible  signs  of  injury,  as  bleeding  wound,  distorted 
limbs  or  had  to  be  carried  away.   "A". 

3  Other  visible  injuries,  as  bruises,  swelling,  abrasi>r.s, 
limping,  etc.   "B''. 

U    No  visible  injuries,  out  complaint  of  pain  or  momentary 
unconsciousness.   "CH. 


1& 


Columns  59  to  71  are  to  be  coded  from  investigators  reports 
only. 

59  Test  Tor  Alcohol 

0  No  chemical  test  offered. 

1  Test  offered  but  refused. 

2  Breath  test  given. 

3  Blood  test  given. 
U  Urine  test  given. 
9  Not  stated. 

60  Arrests 

This  column  indicates  if  the  driver  was  or  was  not  arrested. 

If  the  driver  was  arrested  show  if  it  was  for  "Driving  Under 

the  Influence  of  Intoxicants"  or  for  3ome  other  violation. 

0  Driver  not  arrested 

1  Arrested  for  driving  under  the  influence  of  intoxicants 

2  Arrested  for  other  violation 
9  Not  stated 

61  Speed  Limit 

Code  the  speed  limit  existing  at  the  location  of  the  accident 
as  stated  by  the  investigating  officer. 


R 

20  MFH 

X 

25  MPH 

0 

30  MPH 

1 

35  MPH 

2 

UO  MPH 

3 

16   MPH 

h 

50  MPH 

5 

55  MPH 

6 

60  MPH 

7 

65  MPH 

8 

Other 

9 

Not  stated 

62  Speed  Before  Accident 

This  column   refers  to  the  speed  of  the  vehicle  coded  In  colnrm 
la  of  the  same  card.     Use  the  speed  indicated  by  the  investi- 
gating officer. 

X    Stopped  or  standing  still   excluding  vehicle  properly 
parked. 

0  Under  10  MPH 

1  10  to  19  MPH 

2  20  to  29  MPH 
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62  Speed  Before  Accident 


3 

30  to  39  MPH 

h 

ho  to  li9  MPH 

5 

50  to  59  MPH 

6 

60  to  69  MPH 

7 

70  to  79  MPH 

8 

80  MPH  or  over 

9 

Not  stated 

63  Contributing  Circumstances 

Code  in  this  colunn  the  one  violation  or  circumstance  which 
seems  to  have  been  the  major  cause  of,  or  contributed  most 
to  the  cause  of  the  accident. 

1  Speed  too  fast 

2  Failed  to  yield  right  of  way 

3  Drove  left  of  center  not  in  passing 
U  Improper  overtaking 

5  Failed  to  stop  for  stop  sign 

6  Disregarded  traffic  signal 

7  Followed  too  closely 

8  Made  improper  turn 

9  Other  improper  driving 
0  Inadequate  brakes 

X     Improper  lights 
R     Had  been  drinking 

61*  Vehicle  Defects 

This  column  indicates  vehicle  defects  which  could  have  also 
contributed  to  the  accident. 

0  No  defects 

1  Brake 8  defective 

2  Light3  defective 

3  Defective  steering 
U  Puncture  or  blowout 

8  Other  defects 

9  Not  stated 

65  Vision  Obscurement 

This  column  will  indicate  driver  vision  obscurement 


0 

Not  obscrued 

1 

By  buildings 

2 

By  embanlanent 

3 

By  signboard 

I 

By  trees,   crops, 

5 

By  hillcrest 

8 

All  others 

9 

Not  stated 

etc. 
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66  Drivers  Actions,  Miscellaneous 

Code  the  action  the  driver  was  performing,  voluntary  or  other- 
wise, just  prior  to  the  accident. 

0  Passing 

1  Turning  right,  left,  making  U  turn 

2  Backing 

3  Slowing  or  stopping 
k  Going  straight  ahead 

5>  Starting  in  traffic  lane  or  from  parked  position 

6  Avoiding  vehicle,,  object,  pedestrian 

7  Skidded  before  applying  brakes 

8  Skidded  after  applying  brakes 

9  Parked 

67  Pedestrian  Actions 

Code  the  actions  of  the  pedestrian  just  prior  to  the  accident. 

0  Not  in  roadway 

1  Walking  in  roadway  with  traffic 

2  Walking  in  roadway  against  traffic 

3  Pushing  or  working  on  vehicle  in  roadway 
h  Getting  on  or  off  vehicle 

$  Standing  in  roadway 

6  Other  working  in  or  on  roadway 

7  Playing  in  roadway 

8  All  other 

9  Not  stated 

X  Crossing  or  entering  roadway  not  at  intersection 

R  Crossing  or  entering  roadway  at  intersection 

68  Condition  of  Driver  Reference  Drinking 

0  Not  drinking 

1  Had  been  drinking  -  obviously  drunk 

2  Had  been  drinking  -  ability  impaired 

3  Had  been  drinking  -  ability  not  impaired 
U  Had  been  drinking  -  unknown  if  impaired 
9  Not  stated 

69  Condition  of  Driver,  Physical 

X  Apparently  normal 

0  Eyesight  defective 

1  Hearing  defective 

2  Other  bodily  defects 

3  Illness 
h  Fatigued 

5  Apparently  asleep 
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69  Condition  of  Driver,  Physical 

6  Attention  diverted 

7  Advanced  senility 

8  Other  handicaps 

9  Not  stated 

70  Condition  of  Pedestrian  Reference  Drinking 

0  Not  drinking 

1  Had  been  drinking  -  obviously  drunk 

2  Had  been  drinking  -  ability  impaired 

3  Had  been  drinking  -  ability  not  iaipaired 
U  Had  been  drinking  -  unknown  if  impaired 
9  Not  stated 

71  Condition  of  Pedestrian,  Physical 

X  Apparently  normal 

0  Eyesight  defective 

1  Hearing  defective 

2  Other  bodily  defects 

3  Illness 
li  Fatigued 

5  apparently  asleep 

6  Attention  diverted 

7  Advanced  senility 

8  Other  handicaps 

9  Not  stated 

Columns  72  thru  80  must  be  coded  from  all  accident  reports 

72  Traffic   Control 

This  column  indicates  the  type  traffic  control  at  the  accident 
location. 

0  Police  officer 

1  Automatic  signal 

2  Yield  right  of  way  sign 

3  Center  line  marked 
U  Other  lane  markings 

5  Stop  sign 

6  Warning  sign  or  signal 

7  No  passing  zone 

8  All  others 

9  Not  stated 
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73  Character  of  Road  -   Ffarizontal 

1  Straight  road 

2  Curve 

9  Not  stated 

7li  Character  of  Road  -  Vertical 

1  Level  road 

2  On  grade 

3  Hillcrest 
9  Not  stated 

75  Type  of  fbad  Surface 

1  Concrete 

2  Blacktop 

3  Sand  or  dirt 
U  Gravel 

8  All  other 

9  Not  stated 

76  Condition  of  Road  Surface 

1  Dry 

2  Wet 

3  Snowy,  icy 

8  Other 

9  Not  stated 

77  Weather  Condition 

1  Clear 

2  Raining 

3  Snowing 
U  Fog 

8  Other 

9  Not  stated 

78  Light  Condition 

1  Daylight 

2  Darkness 

3  Dawn  or  dusk 
9  Not  stated 

79  Kind  of  Locality 

This  column  indicates  the  kind  of  locality  in  an  area  adjacent 
to  the  roadway  within  300  feet  of  the  accident  location. 

1  School  or  playground 

2  Industrial  or  business 


160 


79  Kirjd  of  Locality 

3  Residential 

h  Open  country 

9  Not  stated 

80  Road  Defects 

1  Foreign  material  on  surface  of  roadway 

2  Loose  sand,  gravel,  etc. 

3  Holes,  ruts,  dips,  bumps,  etc. 
h  Defective  shoulders 

5  Obstruction  not  lighted  or  signaled 

6  Standing  water,  landslide,  etc. 

7  Obstructed  by  previous  accident 

8  All  other  defects 

9  Not  stated 


APPENDIX  B 

1963  ADT  VOLOTES  AND  TUHNPJG  MOVEMENTS 

FOR  INTERSECTIONS  OH  U.   S.   52   BY- PASS 
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FIGURE    39 


1963  ADT  VOLUMES   AND  TURNING   MOVEMENTS 
AT    U.S.  52  BY-PASS   AND    NORTHWESTERN     AVE 
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FIGURE   40       1963  ADT   VOLUMES    AND  TURNING    MOVEMENTS 
AT    US.  52   BY-PASS    AND     YEAGER     ROAD. 
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FIGURE   41        1963  ADT   VOLUMES  AND   TURNING    MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     SALISBURY. 
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FIGURE   42       1963  ADT  VOLUMES    AND   TURNING    MOVEMENTS 
AT    U.S.  52    BY-PASS   AND     HAPPY     HOLLOW. 
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FIGURE    43       1963   ADT    VOLUMES    AND   TURNING    MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     NINTH     ST.    CUTOFF. 
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FIGURE    44      1963   ADT   VOLUMES    AND   TURNING   MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     S.R.    25. 
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FIGURE    45 


1963   ADT    VOLUMES    AND   TURNING    MOVEMENTS 
AT    U.S.   52    BY-PASS    AND     UNDERWOOD. 
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FIGURE    46 


1963  ADT   VOLUMES    AND   TURNING   MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     GREENBUSH. 
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FIGURE  47        1963   ADT    VOLUMES    AND    TURNING    MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     UNION      ST.  . 
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FIGURE   48       1963  ADT  VOLUMES  AND  TURNING  MOVEMENTS 
AT    U.S.  52  BY-PASS    AND     S.R.     26. 
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FIGURE    49 


1963  ADT    VOLUMES    AND   TURNING   MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     KOSSUTH. 
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FIGURE    50       1963  ADT  VOLUMES    AND   TURNING   MOVEMENTS 
AT    U.S.  52   BY-PASS    AND     McCARTY     LANE. 
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FIGURE    51        1963   ADT   VOLUMES    AND    TURNING    MOVEMENTS 
AT    U.S.  52    BY-PASS    AND     S.R.    38. 
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FIGURE   52        1963  ADT   VOLUMES    AND  TURNING    MOVEMENTS 
AT    U.S.   52    BY-PASS    AND     TEAL     ROAD. 
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APPENDIX  C 

COLLISION-CONDITION  DIAGRAMS  TOR 
INTERSECTIONS  ON  U.   S.   $2  BY-PASS  IN  196l,   1962,   &  1963 

The  coding  on  the  following  collision-condition  diagrams  is  as  given 
in  the  following  examples: 


Example  A: 
Code 


3 <5> 


Example  B: 


Example  C: 


Example  D: 


Example  E: 


-1 


Meaning 

Three   rear  end  collisions  in  which  a  total 
of  five  persons  were  injured 


One  right  angle  collision  with  no  injuries 


Two  head-on  collisions  in  which  a  total  of 
one  person  was  killed 


One  3ingle  car  accidant  with  no  injuries 


One  right  angle  collision  in  wliioh  one  person 
was  injured  and  one  person  was  killed. 


Note:     A  circled  number  on  the  collision-condition  diagrams  with  one 
or  more  arrows  indicates  the  number  o'    persons  injured.      A 
circled  number  without  any  arrows  indicates  a  physical  object 
as   further  defined  in  the  lrgend  of  each  Figure. 
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FIG.  53-U.S.   52    BY-  PASS      ft      NORTHWESTERN     AVE. 
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FIG.  54-U.S.   52    BY- PASS      ft      NORTHWESTERN      AVE. 
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FIG.  55-U.S    52     BY -PASS      &      NORTHWESTERN      AVE 
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FIG. 56   -   U.S.    52     BY-PASS     a     YEAGER     ROAD 
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FIG. 57   -    U.S.    52    BY-PASS     B      YEAGER     ROAD 
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FIG.  58    -U.S.   52     BY  -  PASS     S      YEA6ER     ROAD 
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PRIOR    TO    INSTALLATION     OF 
TRAFFIC     SIGNAL. 

JANUARY    I -APRIL    30,    1962 
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FOLLOWING      INSTALLATION 
OF      TRAFFIC       SIGNAL. 
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FIG.    65   -    U.S.    52     BY-  PASS      ft      HAPPY    HOLLOW 
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PRIOR     TO     CONSTRUCTION     OF 

EXTRA      LANES. 

JANUARY   I-  AUGUST    31,   1962 


FIG.  67  -    U.S.    52     BY  -  PASS     ft     NINTH     ST      CUTOFF 
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FOLLOWING      CONSTRUCTION     OF 
EXTRA     LANES 

SEPTEMBER    I  -  DECEMBER    31,    1962 


FIG.  68-    U.S.  52     BY  -  PASS    S    NINTH    ST      CUTOFF 


1962   B 
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FIG.  69-    U.S.    52     BY  -  PASS     a     NINTH     ST.     CUTOFF 

19  63 


193 


1961 


19U 


1962 


19? 


N 


-$£s 


^vr 


SCALE:   |"s  40' 


LEGEND' 

-^-    SIGNS 

NOTE' 

2     OVERHEAD    SIGNALS 


SIGNS 
Q  US    52    1 
US   231  I 
IND    ?5 

(D  US    52   -•- 
US   231' 
INO   25  U 


® 


US    231 
IND    25    -J 

0   BUSINESS      IND   25 


FIG.   72   -    US    52     BY-  PASS      8       S.R    25 
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FIG.  75-    U.S.    52    BY-  PASS     B      UNDERWOOD     ST 


1963 


199 


FIG. 76-  U.S.  52    BY-  PASS    a    GREENBUSH 
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FIG  78-  U.S.  52    BY-   PASS    5     GREENBUSH 
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FIG.  81    -    U.S.   52     BY  -  PASS     ft      UNION 
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FIG.  83   -     US    52     BY- PASS     ft      S.R.  2  6 
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FIG.  84    -     US.    52     BY- PASS     ft      S.R    26 

1963 


208 


N 


T 


<. 


r 


FIG.  85     ~    U.S.   52     BY-PASS    8     KOSSUTH      ST. 
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FIG.  87      -     U.S.    52     BY -PASS     S     KOSSUTH      ST. 
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FIG.  88      -    US    52      BY-   PASS     8    McCARTY 
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FIG.  90      -    US     52      BY  -   PASS      6     McCARTY 
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FIG. 91    -   U.S.  52    BY -PASS    a      S.R.  38 
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FIG  93  -    US    52    BY-  PASS    a      S.  R.   38 
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FIG.  94-    U.S.   52     BY-  PASS      B         TEAL    ROAD 
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FIG. 95  -    US  52    BY- PASS      S       TEAL    ROAD 
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FIG  97   -    U  S    52     BY  -   PASS      ft        1  \  AL    ROAD 
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